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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intebior, 

United  States  GEoiiOOicAL  Survey, 

Washingt07ij  D.  C^  June  ^,  1901^, 

Sir:   I  have  the  honor  to  transmit  herewith  a  paper  by  myself 

describing  experiments  made  for  the  purpose  of  testing  disputed 

theories  of  schistosHy  and  slaty  cleavage. 

Very  respectfully, 

Georoe  F.  Becker, 

Geologist  in  Charge  Dimsion  of 

Chemical  and  Physical  Research. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Oeologvcal  Survey. 
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EXPERIMENTS  ON  SCHISTOSITY  AND  SLATY:.:.: ,-. . 

CLEAVAGE. 


:  v 


By  George  F.  Becker. 


Abundance  of  fissile  rocks. — A  very  large  part  of  the  rocks  exposed 
at  the  earth's  surface  exhibit  schistosity  or  cleavability  not  ascribable 
to  sedimentation  and  often  well  marked  in  masses  of  igneous  origin. 
In  many  cases  the  surfaces  along  which  rocks  cleave  intersect  one 
another,  producing  a  foliated  structure.  In  other  instances  the  cleav- 
age occurs  in  nearly  parallel  planes  or  along  surfaces  having  large 
radii  of  curvature.  None  of  these  phenomena  are  confined  to  highly 
indurated  rocks,  as  might  be  inferred  from  some  discussions,  but  are 
found  well  developed  in  soft  and  fragile  unmetamorphosed  shales,  as 
all  who  have  made  observations  in  disturbed  Tertiary  areas  are  aware. 
Specimens  of  these  shales  are  so  fragile,  however,  that  they  are  scantily 
represented  in  collections.  Slaty  cleavage,  as  the  term  is  used  in  this 
paper,  means  simply  the  most  regular  and  extreme  form  of  cleavability 
or  schistosity,  in  which  the  lamin»  are  thin  and  are  bounded  by  sub- 
stantially parallel  surfaces,  no  matter  whether  the  material  exhibiting 
these  properties  is  indurated,  as  in  the  valuable  roofing  slates,  or  is  soft 
and  fragile,  as  in  the  comparatively  worthless  shales.  Though  argilla- 
ceous rocks  exhibit  the  most  perfect  cleavage,  this  does  not  apparently 
differ  in  kind  from  the  schistosity  sometimes  found  in  grit  beds,  lime- 
stone, gi*anite,  quartzite,  and  basic  eruptives.  A  structure  which  is 
at  least  analogous  is  found  in  rolled  or  drawn  metals,  in  terra-cotta 
articles,  such  as  roofing  tiles,  and  in  pastry.^  In  short,  slaty  cleavage  is 
a  structure,  or  a  group  of  structures  not  readily  distinguishable  from 
one  another,  and  has  a  character  of  its  own  independent  of  the  mate- 
rial which  may  exhibit  it,  although  some  substances  are  better  fitted 
than  others  to  display  it  in  perfection.  This  relationship  is  recognized 
in  the  French  term  "  schiste,"  which,  in  Gallic  usage,  comprehends 
shales,  slates,  and  the  crystalline  schists  of  English  writers.  In 
English  usage  schist  is  commonly  synonymous  with  crystalline  schist, 
but  the  frequent  use  of  this  adjective  would  seem  to  imply  the  exist- 
ence of  schists  which  are  not  crystalline,  and  these  could  hardly  be 
defined  otherwise  than  as  equivalent  to  shales. 

aCf.  Daubr^e,  A.,  Gtol.  Exp.,  pp.  896  and  428. 
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Slaty  cleavage,  even  in  l^igh^' indurated  rock,  passes  over  by  insen- 
sible gradations  into  rless -simple  forms  of  schistosity,  and  vast  masses 
of  the  crystalliRO^  s^iste  show  cleavage  planes  in  systems  intersecting 
one  another,  at  achfe  angles.  It  has  always  seemed  to  me  that  a  true 
expIahatW'Of  cleavage  must  include  the  theory  of  foliated  schists  as 
•well  tu5  of  roofing  slate.  The  association  of  mica  with  cleavable  rocks 
ias  often  been  insisted  upon,  perhaps  with  too  great  epiphasis.  Some 
shales  contain  much  mica,  but  others  contain  only  a  little.  According 
to  Professor  Kosenbusch,  shales  (Schieferthone)  have  the  same  miner- 
alogical  composition  as  clays,  and  mica  is  not  an  essential  constituent. 
Sorby  mentions  clay  slates  which  carry  very  little  mica,  and  G.  W. 
Hawes*  describes  a  roofing  slate  from  Littleton,  N.  H.,  which  on 
microscopic  examination  is  found  to  consist  of  fragments  of  quartz 
and  feldspar  as  fine  as  dust,  although  in  the  larger  part  of  the  rocks 
called  clay  slate  in  New  Hampshire  he  found  abundant  mica.  Now 
clay  slates  and  some  shales  have  as  good  cleavage  as  mica-schists. 
Again,  quartz-schists  and  other  cleavable  rocks  contain  very  little 
mica.  The  grit  beds  or  sandy  strata  found  in  slates  do  not  always 
contain  much  mica,  and  yet  their  cleavage  is  manifestly  of  the  same 
origin  as  that  of  the  slate  in  which  they  are  embedded.  It  is  well 
known  that  near  intrusive  masses  mica-schist  not  infrequently  passes 
over  into  ordinar}^  schists,  and  these  into  phyllites  and  clay  slates,  as  if 
the  amount  of  mica  were  characteristic  of  the  degree  of  metamorphism 
rather  than  an  index  of  the  cleavability.  "Compression,"  says  Sir 
Archibald  Geikie,  ''may  give  rise  to  slaty  cleavage.  But  it  has  often 
been  accompanied  or  followed  by  further  internal  transformations  in 
the  rocks.  Chemical  reactions  have  teen  set  up  and  new  minerals 
have  been  formed."  In  the  stud>^  of  slates  it  is  often  manifest  that  a 
portion  of  the  mica  is  secondary.  Thus  on  blind  joints  (Auswei- 
chungsclivage  of  Heim)  large  continuous  sheets  of  mica  are  frequently 
found.  Muscovite  is  also  well  known  to  be  one  of  the  chief  decom- 
position products  of  the  feldspars,  an  alteration  which  is  readily  intel- 
ligible from  a  chemical  standpoint.  The  increase  of  the  mica  content 
of  phyllites  as  compared  with  shales  seems  to  me  most  reasonably 
accounted  for  as  a  concomitant  of  the  genesis  of  cleavage,  though  not 
an  essential  one. 

Importance  of  cleavage. — Schistosity  as  a  stiiicture  is  important,  and 
it  is  a  part  of  the  business  of  geologists  to  explain  its  origin.  Slaty 
cleavage  has  further  and  greater  importance  as  a  possible  tectonic 
feature.  Scarcely  a  great  mountain  range  exists,  or  has  existed,  along 
the  course  of  which  belts  of  slaty  rock  are  not  found,  the  dip  of  the 
cleavage  usually  approaching  verticality.  Are  these  slate  belts  equiva- 
lent to  minutely  distributed  step  faults  of  great  total  throw,  or  do  they 
indicate  compression  perpendicular  to  the  cleavage  without  attendant 

a  Hitchcock,  C.  H.,  Gecjlogy  of  New  Hampshire,  vol.  3, 1878,  pt.  4,  pp.  287, 288. 
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relative  dislocation?    Evidentiy  the  answer  to  tbis  question  is  of  first 
importance  in  the  interpretation  of  orogenic  plienomena. 

Theories  of  cleavage. — ^The  earliest  tlieory  of  slaty  cleavage  assimi- 
lated it  to  mineral  cleavage^  a  view  not  tenable  after  microscopic  study. 
Mr.  John  Phillips  in  1843  was  the  first  to  interpret  slaty  cleavage  as 
an  effect  of  mechanical  strain.  Mr.  Daniel  Sharpe  in  1849  offered 
the  explanation  now  most  generally  accepted  by  geologists,  viz,  that  a 
fracture  peipendicular  to  the  line  of  pressure  would  run  along  the 
flattest  faces  of  the  component  grains  and  meet  the  smallest  number 
of  them — ^a  theory  implying  that  the  mass  is  heterogeneous  and  that 
the  adhesion  between  the  component  particles  is  smaller  than  the 
cohesion  within  the  particles.  Dr.  H.  C.  Sorby  later  described  a  variety 
of  cleavage  due  to  the  presence  of  numerous  microscopic  blind  joints.^ 
Professor  Tyndall  in  1856  made  exceedingly  interesting  experiments 
on  this  subject,  obtaining  admirable  cleavage  in  wax.  He  denied  that 
heterogeneity  aided  cleavage.  In  his  first  paper  he  asserted  most 
emphatically  that  the  cleavage  was  perpendicular  to  the  dii*ection  of 
pressure,  but  in  a  footnote  and  in  a  later  paper  he  indicated  decided 
doubt  as  to  this  perpendicularity.  Professor  Daubr^e  (1879)  also  dis- 
sented from  the  view  that  heterogeneity  is  essential  to  slaty  cleavage, 
and  ascribed  this  structure  to  gliding  ("  glissement,"  slide)  in  the  mass, 
which  is  equivalent  to  a  denial  of  the  perpendicularity  of  the  causative 
force  to  the  consequent  cleavage.*  In  1893  I  published  a  theory 
founded  on  experiment  and  analysis.  It  is  in  agreement  with  Daubr^e's 
idea,  but  more  precise.  According  to  this  theory,  cleavage  is  due  to 
a  weakening  of  cohesion^  along  planes  of  maximum  tangential  strain  (or 
maximum  slide).  It  is  susceptible  of  proof '^  that  deformation  due  to 
pressure  is  actually  effected  by  relative  motion  of  the  mass  in  opposite 
directions  parallel  to  these  planes.  When  this  movement  exceeds  the 
elastic  limit  and  falls  shoi^tof  the  breaking  strain,  it  would  seem  inevi- 

aSorby'fl  theory  of  slate  wafl  that  the  preliminary  efTect  of  prcsHure  on  argillaceous  strata  is  to  give 
the  mica  an  irregular  dLstribution,  and  the  final  effect  to  rearrange  the  mica  in  new  parallel  planes. 
This  hypothesis  is  still  accepted  in  mme  text- books.  To  me  it  appears  too  fanciful  for  nerious  discus- 
sion. If  mica  scales,  in  all  possible  orientations,  were  to  be  mingled  with  mud,  their  average  inclina- 
tion to  any  plane  would  be  3'/'42'  (or  the  well-known  "average  latitude  of  all  places  north  of  the 
equator").  If  such  a  mass  were  to  be  compn>s8o<l  until  the  average  angle  were  only  2°  to  a  given 
plane,  the  thickness  of  the  mass  must  be  reduced  to  one-eij(^hteenth.  If  a  sediment  containing  mica 
were  to  be  treated  according  to  Sorby's  theory,  it  would  seemingly  be  needful  to  press  it  at  first  in 
Boch  a  way  as  to  increase  its  thickness  some  eighteen  times  and  then  to  compress  it  again  in  another 
direction  to  about  its  original  thickness. 

The  a{tempt  has  been  made  to  account  for  the  cleavage  surfaces  on  Sorby's  hypothesis  as  maximum 
cleavability.  I  can  not  concur  in  this  view.  The  cleavage  in  slate  is  confined  within  very  narrow 
limitu,  perhapfl  one  degree.  Slate  may  be  broken  indeed  at  greater  inclinations,  but  the  ruptured 
surfaces  do  not  then  show  imperfect  cleavage:  they  are  concholdal  or  irregular  and  destitute  of 
cleavage. 

^The  reader  will  find  a  digest  of  the  literature  in  Mr.  Alfred  Harker's  memoir  on  slaty  cleavage, 
Brit.  Assoc.,  1885,  p.  818,  and  some  further  notes  in  my  paper  on  finite  homogeneous  strain,  flow,  and 
rupture  of  rocks,  Bull.  Oeol.  8oc.  .\merica,  vol.  4, 1893,  pp.  7.V87. 

«  As  H.  Rogers  put  it,  "  the  cohesive  force  Ih  obviously  at  a  minimum  of  intensity  in  the  direction 
perpendicular  to  these  planes"  of  cleavage.    Trans,  Royal  Soc.,  Edinburgh,  vol.  21, 1857,  p.  450. 

rfSee  note  on  the  theory  of  slaty  cleavage  appended  to  this  paper. 
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table  that  the  cohesion  should  be  diminished  and  that  cleavage  should 
result.^  Only  in  ideally  brittle  substances  is  there  no  interval  between 
the  elastic  limit  and  the  breaking  strain.  It  is  of  course  certain  that 
the  material  constituting  slate  has  been  strained  far  beyond  its  elastic 
limit;  and  that  it  has  a  breaking  strain  is  often  manifested  by  blind 
joints.  These  planes  stand  at  an  angle  of  45^  or  more  to  the  direction 
of  greatest  local  linear  compression.  There  are  at  least  two  sets  of 
them,  and  maybe  four,  symmetrically  disposed  with  reference  to  this 
direction.  In  cases  of  double  cleavage — so  usual  in  disturbed  areas, 
both  in  distinct  development  and  in  the  more  or  less  irregular  form  of 
ordinary  schistosity  and  foliation — cleavage  is  produced  on  both  sets 
of  planes,  so  that  a  cross  section  shows  acute-angled  rhombs  somewhat 
like  those  indicated  in  fig.  13,  PI.  Ill,  and  in  fig.  30,  PI.  VI.  In  the 
case  of  forces  acting  on  a  supported  mass  at  an  acute  angle  to  the 
plane  of  support,  it  was  shown  in  my  paper  that  the  effect  of  viscosity 
would  be  to  suppress  all  but  one  set  of  cleavages  and  to  accentuate 
this  remaining  one.  Tyndall's  experiment,  properly  considered,  was 
shown  to  be  a  case  of  this  kind,  and  it  was  maintained  that  the  cleav- 
age of  roofing  slate  is  thus  to  be  explained.  If  this  be  true,  a  belt  of 
slate  is  equivalent  to  a  great  fault  distributed  over  an  infinite  number 
of  infinitesimal  steps.^ 

Distinction  between.  Sharpens  theory  and  mine. — ^The  distinction 
between  Sharpe's  theory  and  mine  is  well  defined.  If  in  any  portion 
of  the  mass  before  strain  a  small  sphere  is  supposed  to  be  marked  out, 
this  sphere  after  strain  will  have  become  an  ellipsoid,  called  the  strain 
ellipsoid.  If  Sharpe's  theory  is  correct,  the  cleavage  due  to  pressure 
will  be  in  surfaces  perpendicular  to  the  smallest  axis  of  the  strain  ellip- 
soid. If  my  theory  is  correct,  the  cleavage  will  make  with  this  small- 
est axis  an  acute  angle  equal  to  or  greater  than  45^,  and  increasing  as 
the  strain  grows  greater. 

Means  of  stiulying  tJie  strai7i  ellipsoid. — ^The  general  nature  of  the 
experiments  needed  to  compare  the  theories  is  made  plain  by  this  con- 
trast. It  amounts  to  a  study  of  the  strain  ellipsoid.  One  means  to  this 
end  is  to  incorporate  into  a  mass  to  be  experimented  upon  small  spheres 
of  the  same  material  as  the  remainder,  but  of  a  distinguishable  color. 
After  straining  is  effected  dissection  or  rupture,  by  exposing  the  dis- 
torted sphere,  will  show  the  local  character  of  the  strain  and  the  posi- 

AA  pertinent  illustration  of  weakening  of  cohesion  is  afforded  by  bars  of  mild  steel  ruptured  by 
tension.  The  most  plausible  a  priori  idea  of  rupture  by  tension  ia  that  it  would  occur  in  a  plane 
perpendicular  to  the  line  of  force;  and  in  hard  steels  this  mode  of  rupture  is  often  observed.  In 
mild  steels,  on  the  other  hand,  the  surface  of  rupture  is  rough  and  granular,  the  grains  npproaching 
pyramidal  forms.  The  aggregate  surface  of  such  a  fracture  is  far  in  excess  of  that  of  the  mean 
plane.  Now,  since  the  rupture  must  follow  a  surface  of  least  resistance,  the  resistance  per  unit  area 
on  the  pyramidal  faces  must  haye  been  much  smaller  than  that  on  the  plane  surface  perpendicular 
to  the  tension.    Thin  can  be  due  only  to  a  weakening  of  cohe$iion  along  the  pyramidal  faces. 

^This  theory  embraces  rupture  as  well  as  simple  and  double  or  multiple  cleavage.  So  far  as  joint- 
ing and  cleavage  due  to  blind  joints  are  concerned,  it  has  been  accepted  by  some  geologists  who 
regard  true  cleavage  aa  a  distinct  phenomenon. 
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tions  of  the  axes  of  the  strain  ellipsoid.  Numerous  experiments  of 
this  description  have  been  made  for  this  paper,  and  some  of  them  are 
illustrated  in  fif(.  2,  PI.  II.  They  are  instructive,  but  not  sufficient!}' 
so.  If  it  were  practicable  to  build  up  an  adequate  block  of  small 
spheres  and  to  fill  in  the  interstices  uniformly  with  the  same  material 
differently  colored,  the  mass  after  strain  would  show  the  character  of 
the  strain  ellipsoid  at  uniformly  spaced  intervals.  This  is  impracti- 
cable, but  the  result  sought  can  be  attained  very  approximately  in 
another  way.  If  a  block  of  material  be  pierced  with  fine  holes  at  regxi- 
lar  intervals,  forming  in  one  plane  a  network  of  small  squares  such  as 
is  shown  in  fig.  6,  PI.  II,  and  the  holes  be  filled  with  coloring  matter, 
then  strain,  followed  by  dissection,  will  show  the  figures  into  which 
the  small  squares  have  been  distorted.  If  the  squares  were  very  small, 
the  sides  of  the  distorted  figures  would  be  nearly  straight  and  parallel. 
It  would  then  be  easy  by  a  geometrical  construction  to  inscribe  ellipses 
tangent  to  the  four  sides  at  their  middle  points,  and  these  ellipses 
would  accurately  represent  the  section  of  the  strain  ellipsoid.  Even 
if  the  sides  were  somewhat  curved,  the  strain  at  the  center  of  the 
curvilinear  parallelogram  would  be  very  closely  represented  by  an 
ellipse  found  by  a  rational  system  of  interpolation,  as  will  be  described 
in  a  note  appended  to  this  paper.  Experiments  have  been  made  in 
this  way  also,  the  distorted  figures  being  photographed  and  photo- 
graphically enlarged  to  a  convenient  scale  for  constructing  the  ellipses. 

Linear  <w/?/>r€V«2V/;?.— Experiments  by  Tyndall's  method  are  very 
simply  and  easily  executed,  but  the  resulting  strain  is  highly  complex 
and  indeed  could  not  be  discussed  as  a  problem  of  pure  mechanics  in 
the  present  state  of  knowledge  of  the  transmission  of  energy  in  plastic 
bodies.  By  the  means  noted  in  the  last  paragraph  such  experiments 
can  be  sufficiently  elucidated  for  an  investigation  of  slaty  cleavage. 

Holling. — Another  known  means  of  producing  slaty  cleavage  is  by 
rolling  out  a  cake  of  suitable  material  as  a  cook  prepares  pastry,  or  by 
passing  the  mass  between  rolls.  It  is  easy  to  prick  holes  perpendicular  to 
the  surface  of  the  cake  before  rolling,  fill  them  with  pigment,  and,  after 
distortion,  to  dissect  the  mass.  The  nature  of  the  effect  is  seen  in 
fig.  4  of  PL  II,  the  originally  vertical  lines  being  drawn  out  into  par- 
abola-like curves  which  are  vertical  only  at  the  apex.  Cleavage  may 
be  developed  especially  near  the  upper  and  lower  surf  aces  of  the  rolled 
mass,  to  which  it  is  nearly  parallel.  Such  experiments,  however,  give 
results  which  are  less  definite  and  less  easily  discussed  than  those  given 
by  Tyndall's  method.  The  manner  of  applying  the  force  and  the  degree 
of  rolling  affect  the  result,  as  a  matter  of  course;  and  it  seems  difficult 
to  establish  a  standard  of  conditions. 

SciSHum  engine, — It  is  evidently  most  desirable  to  make  experiments 
by  producing  simple  well-known  strains  which  will  or  may  lead  to 
cleavage.     For  this  purpose  I  designed  what  may  be  called  a  "scission 
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engine,"  a  simple  mechanism,  shown  without  its  cover  in  fig.  1,  PI.  I. 
A  block  of  material  to  be  experimented  upon  is  placed  in  the  space  B, 
the  cover  (provided  with  grooves  to  receive  PP)  is  put  on,  screwed 
down  onto  pillars,  and  the  driving  screw  set  in  motion.  The  bars  F  H 
revolve  round  the  fixed  pivots  F,  and  the  hinges  H  bend  while  the 
plates  PP  slide  in  their  own  planes.  The  area  and  volume  of  the  space 
B  remain  constant  and  the  strain  produced  is  approximately  a  scission 
(or  shearing  motion).  On  four  of  the  six  faces,  however,  there  is 
friction,  which  interferes  somewhat,  but  not  seriously,  with  the  per- 
fection of  the  strain. «  If  a  circle  is  inscribed  on  the  upper  surface  of 
the  block  before  strain,  it  becomes  approximately  an  ellipse  showing 
the  orientation  of  the  strain  ellipsoid.  When  the  space  B  is  thoroughly 
filled,  no  rupture  within  the  mass  is  possible,  the  finite  movement  being 
distributed  over  an  infinite  number  of  planes;  but  if  the  space  is  not 
filled,  complex  strains  result  and  rupture  may  occur.  The  engine 
gives  about  the  unit  strain,  or  produces  a  block  with  two  angles  of  45^. 

Cer^in  and  its  treatment. — ^The  experiments  to  be  described  have 
been  made  principally  with  ceresin  and  a  smooth  clay  such  as  is  used  by 
sculptors  for  modeling.  I  have  tried  white  wax,  which  was  the  mate- 
rial employed  by  Tyndall,  but  white  ceresin  is  preferable.  This  sub- 
stance is  refined  ozocerite  and  consists  of  a  mixture  of  paraffins.  The 
material  at  my  disposal  melts  at  about  60*^  C,  but  some  of  the  compo- 
nent paiuffins  solidify  at  a  higher  temperature,  so  that  at  60^  the  cool- 
ing melt  is  a  pasty  mass,  like  thick  oatmeal  gruel.  It  contracts  greatly 
in  solidifying  and  should  be  cast  at  as  low  a  temperature  as  practica- 
ble to  prevent  itidial  crystallization.  Shavings  of  the  solidified  mass 
under  the  microscope  show  brilliant  polarization  colors,  so  that  the 
mass  is  a  crystalline  solid.  A  particle  fused  on  a  slide  and  allowed  to 
cool  also  shows  high  double  refraction  and  exhibits  a  hypidiomorphic 
structure,  analogous  to  that  of  semiporphyritic  granites  of  excessively 
fine  grain.  Castings  chilled  in  ice  and  salt  and  then  broken  with  a 
hammer  display  a  very  fine-grained  granular  structure  and  somewhat 
conchoidal  fracture,  with  no  apparent  radial  crystallization. 

The  strong  analogy  between  this  solid  and  a  rock  is  deserving  of 
special  emphasis.  I  can  not  see  how  deformations  in  masses  of  ceresin 
can  possibly  differ  in  character  from  those  in  the  vastly  less  tractable 
crystalline  rocks. 

In  carrying  out  TyndalPs  experiment  with  ceresin^I  cast  cylinders 
about  li  inches  in  diameter  and  nearly  2  inches  in  length.  After  the 
cj- linders  were  cold  the  ends  were  planed  down  until  all  trace  of  the 
pit  due  to  contraction  was  removed.  Before  compressing  them  they 
remained  in  a  thermostat  for  some  horn's  at  35^,  because  at  consid- 
erably lower  temperatures  they  rupture  or  crumble  too  easily.     Com- 

nTo  ubvlate  in  some  measure  the  effect  of  friction  toward  the  center  of  the  block,  I  made  the  space 
B  6  cm.  long  and  only  4  cm.  wide. 
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pression  was  eflfected  in  a  copying  press  between  two  heavy  glass 
plates  mounted  on  boards.  To  avoid  superficial  chilling  of  the  ceresin 
cylinders  the  glass  plates  were  warmed  to  approximately  the  same 
temperature  as  the  ceresin.  Good  cleavage  is  not  obtained  unless  the 
cylinders  are  reduced  to  one-third  of  the  original  length,  and  more 
nearly  perfect  cleavage  results  from  still  further  reduction.  For 
accurate  study  the  compressive  force  should  be  applied  to  the  cylin- 
ders so  slowly  as  not  to  rupture  the  edges  of  the  cakes  by  tension. 
The  compressed  cakes  were  placed  in  a  mixture  of  ice  and  salt  for  an  hour 
or  two,  and  then,  being  held  edgewise  on  a  small  anvil,  were  broken  by 
striking  smart  blows  on  the  edge  with  a  light  hammer. 

It  is  best  to  carry  out  such  experiments  in  series.  Some  cylinders 
may  be  pierced  with  a  network  of  fine  holes  (fig.  5,  PI.  II)  and,  after 
compression,  cut  across  in  the  plane  of  the  perforations.  To  get  the 
perforations  sensibly  in  the  same  plane  after  compression,  both  pierc- 
ing and  squeezing  must  be  carefully  done.  Other  cylinders,  of  the 
same  dimensions  but  not  pierced,  may  be  compressed  to  the  same 
extent  as  the  perforated  cylinders  and  then,  after  chilling,  split  to 
show  cleavage.  If  the  cylinders  are  squeezed  too  rapidly  the  edges 
will  split — a  contingency  to  be  avoided  because  the  distribution  of 
strain  then  becomes  irregular  and  eludes  systematic  discussion. 

For  experiments  on  scission,  blocks  were  planed  to  fit  the  opening 
B  as  accurately  as  possible  and  the  blocks  were  given  a  temperature 
of  about  20^  before  straining.  They  were  cooled  and  broken  as  in 
the  experiments  on  linear  compression. 

Ecperiments  with  day. — The  clay  used  burns  to  a  pleasing  terra-cotta 
color,  without  much  shrinkage.  Slides  of  the  burnt  mass  show  that 
the  clay  contains  a  large  amount  of  finely  divided  quartz  and  a  small 
amount  of  black  mica  in  minute  scales.  There  is  also  a  trace  of 
organic  matter  in  this  clay,  for  when  first  heated  it  blackens.  For 
use,  the  clay  should  be  moistened  as  little  as  is  compatible  with  con- 
venient modeling  and  kneading. 

From  a  well-kneaded  lump  of  clay  it  is  easy  to  cut  cylinders  similar 
to  those  of  ceresin  described  above.  Excellent  cleavage  can  be  pro- 
duced by  compressing  them  in  a  press  and  burning  the  cakes  lightly 
in  an  assay  mufi!e  furnace.  Indeed,  to  get  cleavage,  it  is  sufficient  to 
press  a  pellet,  say  a  centimeter  in  diameter,  under  a  spatula  and  toast 
it  over  a  Bunsen  lampi  Yet  in  some  respects  clay  is  inferior  to  ceresin 
for  this  experiment,  because  cylinders,  after  reduction  to  about  five- 
eighths  of  their  original  diameter,  crack  at  the  edges,  so  that  the 
strain  can  not  be  followed  systematically  by  the  method  given  above. 
Some  of  these  cracks  are  meridional  and  due  to  tension,  while  others 
occur  at  about  45^  to  the  line  of  force  and  are  true  joints  on  planes  of 
maximum  tangential  strain.  Such  a  cake  of  cla}'^  is  shown  in  fig.  8,  PI. 
II.    Precisely  similar  cracks  are  produced  in  steel  cylinders  subjected  to 
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end  pressure,  and  it  is  clear  from  these  phenomena  tliat  the  moist  clay 
behaves  mechanically  like  a  true  solid,  relative  motion  of  the  particles 
taking  place  at  an  acute  angle  to  the  line  of  pressure.  I  have  tried 
subdividing  clay  cylinders  by  a  network  of  pin  holes  in  one  plane, 
and  then  compressing  and  dissecting  them  as  described  on  a  previous 
page.  Up  to  the  point  where  the  edges  begin  to  rupture,  the  defor- 
mation is  exactly  the  same  as  in  the  cylinders  of  ceresin  of  similar 
dimensions  and  degree  of  compression. 

On  the  other  hand,  clay  behaves  better  than  ceresin  in  the  scission 
engine,  apparently  because  I  did  not  succeed  in  casting  ceresin  without 
small  bubbles  of  included  air,  while  it  is  easy  to  knead  the  clay  until 
air  is  expelled.  In  the  scission  engine  there  is  no  tendency  to  cubical 
compression  provided  the  space  B  is  homogeneously  filled,  but  this 
proviso  is  essential.  In  experiments  on  ceresin  one  acute  angle  of  the 
space  B  is  usually  found  empty,  and  though  this  space  is  never  large, 
it  is  a  disturbing  condition.  With  well-kneaded  clay  the  space  B 
remains  full  after  strain,  and  such  blocks  after  burning  show  excellent 
cleavage. 

Clay  is  a  very  instructive  material  to  experiment  upon  for  two  rea- 
sons: Most  or  much  of  the  natural  slate  is  of  argillaceous  origin;  and, 
again,  the  burning  of  the  strained  clay  cakes  may  properly  be  consid- 
ered as  a  true  metamorphism,  which  nevertheless  does  not  obliterate 
the  cleavage  mechanically  induced. 

Oth^*  vmterials  tried. — Plaster  of  Paris  pellets  compressed  under  a 
spatula  at  just  the  I'ight  moment  during  the  ''setting"  process  and 
then  dried  out  exhibit  cleavage,  a  fact  which  is  interesting  because  of 
the  accompanying  formation  of  selenite  crystals,  I  have  tried  plaster 
paste  in  the  scission  engine  repeatedly,  but  have  not  been  able  to  hit 
exactly  the  right  conditions.  Air  bubbles  get  into  the  liquid  plaster 
while  it  is  being  poured  into  the  space  B,  and  if  stress  is  applied  too 
soon  the  plaster  naturally  sets  without  any  development  of  cleavage. 
Moreover,  plaster  seems  to  begin  to  set  from  the  outside,  so  that  the 
space  B  was  probably  never  homogeneously  filled  with  a  substance 
fitted  to  display  the  properties  of  homogeneous  strain. 

Lead  cylinders  pierced  with  holes  and  afterwards  filled  with  tin  wire 
and  then  compressed  show  by  dissection  just  the  same  strains  as  do 
ceresin  blocks.  Such  cases  are  shown  in  figs.  7  and  9,  PI.  II.  Similar 
results  have  been  obtained  with  aluminium.  I  had  hoped  that  these 
metals,  cooled  to  the  temperature  of  liquid  air,  would  become  brittle 
enough  to  exhibit  cleavage,  but  was  disappointed.  The  lead  cakes 
seemed  as  tough  as  sole  leather  and  I  could  not  produce  the  least  indi- 
cation of  a  crack  in  the  aluminium  by  the  most  vigorous  use  of  the 
hammer. 

Strain  ellipsoids  in  ceresin, — In  fig.  2,  PI.  II,  is  shown  a  series  of 
cakes  of  ceresin  into  which  spherical  pellets  of  ceresin  tinged  with  a 
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mere  trace  of  vermilion  were  introduced  during  the  process  of  casting. 
The  cylinders  after  compression  were  cut  radially  to  show  the  strain 
ellipsoids  thus  produced.  If  a  composite  photograph  were  to  be  taken 
of  these  and  similar  cases  the  position  of  the  strain  ellipsoid  in  most 
portions  of  the  cross  section  would  appear. 

Many  cakes  containing  pellets  were  cooled  below  the  freezing  point 
and  split.  These  specimens  show  that  the  surfaces  of  cleavage  are  not 
parallel  to  the  major  axes  of  the  strain  ellipsoids.  In  some  cases  the 
cleavage  developed  by  the  hammer  intersected  the  pellets,  leaving  no 
doubt  whatever  on  this  point  (fig.  3,  PL  II).  It  is  relatively  seldom, 
however,  that  such  a  crack  forms  without  splitting  away  a  large  part 
of  the  pellet  and  leaving  some  doubt  as  to  the  exact  position  of  the 
major  axis.  Hence  the  observer  is  driven  to  a  comparison  between 
the  dissected  cakes  without  cracks  and  the  split  cakes.  It  seemed 
desirable,  therefore,  to  devise  a  means  of  determining  once  for  all  the 
position  of  the  strain  ellipsoid  in  any  and  every  part  of  the  cake.  This 
will  now  be  described. 

Construction  oj^ strain  ellipsoids. — Fig.  5,  PI.  II,  is  a  diagram  indi- 
cating the  way  in  which  cylinders  were  pierced  with  holes,  forming  a 
rectangular  network  covering  a  quarter  of  the  cross  section.  A  thread 
smeared  with  dry  vermilion  powder  was  drawn  after  the  piercing 
needle  and  thus  the  interior  of  the  perforations  was  coated  with  pig- 
ment. 

Photographs  of  three  cakes  compressed  after  perforation  and  cut 
to  show  the  network  are  shown  on  an  enlarged  scale  in  fig.  10,  PI. 
III.  They  are  as  nearly  alike  as  the  imperfection  of  the  appliances 
used  would  permit.  The  central  vertical  lines  in  the  cylinders  were 
not  absolutely  central,  nor  were  the  plates  between  which  the  com- 
pression was  effected  accurately  parallel  planes.  Hence,  after  com- 
pression the  central  line  in  each  case  is  somewhat  buckled. 

From  the  middle  one  of  these  photographs  a  tracing  was  made, 
slightly  modified  by  comparison  with  the  other  two,  and  then  very 
much  enlarged.  In  the  diagram  so  procured  ellipses  were  drawn  by 
the  methods  explained  at  the  end  of  this  paper.  The  areas  of  the 
ellipses  were  next  checked  by  a  simple  computation  and  found  sensibly 
correct,  showing  that  no  considerable  error  had  occurred  in  copying 
or  construction.  The  value  of  the  axes  of  the  ellipses  being  found 
and  the  volume  of  the  ellipsoids  known,  the  planes  of  maximum  tan- 
gential strain  are  also  immediately  deducible.  The  major  axes  were 
drawn  through  the  ellipses  and  the  positions  of  the  planes  of  maximum 
tangential  strain  were  shown  by  broken  lines.  The  diagram  was  then 
reduced  photographically  to  the  same  scale  as  the  photographs  from 
which  it  was  derived.     The  result  is  shown  in  fig.  11,  PI.  III. 

Cleavage  on  the  two  theories. — It  is  now  easy  to  draw  through  this 
quadrant  of  the  figure  representing  the  cross  section  of  the  cake  a  set  of 
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lines  which  are  sensibly  tangent  to  the  directions  of  the  major  axes  of 
the  ellipses,  and  this  set  of  lines  represents  the  cleavages  which  the 
cake  should  have  according  to  Sharpe's  theory.  This  result  is  illus- 
trated by  fig.  12,  PL  III,  where,  for  the  sake  of  completeness,  all  four 
quadrants  are  filled  out.  Similarly  a  diagram  can  be  prepared  illus- 
trating my  theory,  and  this  is  given  in  fig.  13,  PI.  III.  It  will  be 
observed  that  the  two  diagrams  differ  very  radically  and  that  the  choice 
between  them  must  be  an  easy  one. 

The  system  of  cracks  likely  to  occur  on  Sharpe's  theory  is  made 
sufficiently  evident  by  the  figure  just  mentioned.  The  other  theory 
shows  an  interlacing  of  possible  fractures  near  the  center,  which  is 
more  complex  and  .could  not  be  entirely  developed  in  a  single  cake 
without  comminution.  For  this  reason  the  most  probable  and  impor 
tant  fractures  are  given  separately  in  fig.  14,  PI.  IV. 

The  surfaces  which  at  the  end  of  the  straining  process  are  surfaces 
of  maximum  tangential  strain  were  never  at  any  step  of  tlie  process 
perpendicular  to  the  direction  of  greatest  linear  contraction.  To  make 
sure  of  this,  I  have  constructed  the  strain  ellipses  for  a  case  in  which 
a  cylinder  of  ceresin  pierced  with  a  network  of  holes  was  compressed 
to  two-thirds  its  original  length.  Fig.  6,  PL  II,  shows  the  cross  sec- 
tion of  the  strained  mass,  and  fig.  23,  PL  V,  shows  lines  coinciding 
with  the  direction  of  the  major  axes  of  the  strain  ellipsoids  for  this 
case.  Comparison  of  the  last  diagram  with  that  previousl}^  discussed 
for  a  strain  twice  as  great  (fig.  12,  PL  III)  shows  their  analogy,  and 
proves  the  statement  made  in  the  first  sentence  of  this  paragraph. 

Clea/vage  actually  found, — It  is  exceedingly  difficult  to  give  satis- 
factory illustrations  of  the  cleavages  actually  obtained  by  Tyndall's 
experiment.  In  the  first  place,  the  most  instructive  cakes  are  those 
which  go  to  pieces  under  the  hammer;  but  then  the  residual  flakes  are 
too  delicate  to  be  cut  across  radially  for  photographing,  and  were 
this  accomplished  only  a  single  section  could  be  figured,  whereas  the 
observer  may  examine  them  in  three  dimensions.  Again,  when  the 
cakes  are  so  gently  hammered  as  merely  to  crack  from  the  edges  and 
are  subsequently  separated  into  two  or  more  pieces,  tension  ruptures 
are  produced  as  well  as  true  cleavage;  but  these  are  not  distinguisha- 
ble in  a  photograph.  Especially  characteristic  in  radial  section  is  the 
way  in  which  the  cleavage  meets  the  outer  edge  of  the  cake.  Seen  in 
cross  section  the  thinner  part  of  the  split  cake  at  the  outer  edge  is 
shaped  like  one  horn  of  a  crescent  moon.  This  characteristic  is  shown 
by  every  cake,  and  yet  it  is  not  strikingly  apparent  in  every  section 
illustrated  in  figs.  15  to  22,  PL  IV,  although  it  is  well  shown  in  sev- 
eral of  them.  The  cakes  break  last  at  the  axis,  and  here  there  is  most 
danger  of  tension  rupture  in  forcing  the  opposite  portions  asunder. 
In  two  or  three  of  the  specimens  illustrated,  however,  there  is  evidence 
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of  double  fracture  of  opposite  inclination  at  the  axis  (fif^s.  19  and  20). 
In  fig8.  18  and  21,  PI.  IV,  the  cleavage  i^  neen  passing  through  the 
axis  at  an  angle  to  the  median  line. 

On  the  whole,  even  the  photographs  show  a  very  reasonable  agree- 
ment with  the  inference  from  analysis  indicated  as  probable  cleavages 
in  fig.  1^,  PI.  lY.  I  may  add  that  the  cleavability  about  midway 
between  the  edge  and  the  axis  is  often  so  perfect  as  to  defy  illustra- 
tion; the  flakes  are  frequently  so  thin  that  print  can  be  read  through 
them. 

I  must  have  made  TyndalFs  experiment  a  hundred  times,  using  wax 
on  some  occasions  and  ceresin  on  others.  In  no  case  have  I  broken  a 
cake  which  behaved  as  it  should  on  Sharpe's  theory,  illustrated  in  fig. 
12,  PI.  III.  The  section  of  a  cake  most  nearly  in  ac<x>rd  with  that 
theory  which  I  have  seen  is  shown  in  fig.  22a,  PI.  IV,  and  especially 
for  that  reason.  Even  this  exceptional  instance  exhibits  features  not 
in  agreement  with  that  theory,  while  another  section  of  the  same  cake 
(fig.  22&)  does  not  at  all  resemble  the  diagram  constructed  for  the  loci 
of  the  major  axes  of  the  strain  ellipsoid.  The  general  features  of  the 
cleavage  along  surfaces  of  maximum  tangential  strain  seem  always  to 
be  recognizable  when  the  terminations  of  the  cylinders  are  plane  ana 
the  compression  is  sufficient  to  produce  good  cleavage  in  the  squeezeo 
cakes,  but  not  so  excessive  that  the  minor  axes  of  the  strain  ellipsoids 
are  reduced  to  almost  insensible  length.  Evidently,  in  order  to  make 
any  instructive  comparison  between  the  two  theories,  these  conditions 
must  be  fulfilled. 

Absence  of  nlip  cleava(/e.~The  semitranslucency  of  ceresin  is  very 
advantageous  for  these  experiments  in  some  respects.  If  a  cake  of 
ceresin  is  examined  in  a  strong  light  and  at  the  same  time  partly 
shaded,  any  internal  cracks  can  readily  be  detected.  When  cylinders 
are  being  compressed  for  Tyndall's  experiment,  between  glass  plates 
of  the  proper  temperature,  the  first  cracks  to  form  seem  always  to  be 
at  the  edge  of  the  cake;  and  when  the  pressure  is  applied  so  gradually 
as  to  avoid  this  peripheral  splitting  I  find  no  internal  cracks  unless 
the  glass  plates  were  too  cold. 

Significance  of  bubbles. — On  the  other  hand,  my  cakes  all  contain 
numerous  minute  bubbles  of  air,  carried  into  the  mold  in  casting.  Dur- 
ing compression  these  are  flattened,  and  are  then  equivalent  to  minute 
blind  joints.  The  flattened  bubbles  are,  of  course,  oriented  exactly 
as  are  the  strain  ellipsoids.  They  are  perfectly  visible  in  the  photo- 
graphs of  the  dissected  cakes,  and  comparison  shows  that  the  orienta- 
tion of  the  bubbles  is  indistinguishable  by  the  eye  from  that  of  the 
strain  ellipsoids  obtained  by  construction  as  shown  in  jny  diagram, 
fig.  11,  PI.  III.  Were  the  bubbles  smooth  internally,  as  they  would 
be  in  a  glass,  it  might  be  possible -to  dispense  with  the  construction. 
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They  are  not  smooth,  howeveiv  and  seem  to  be  lined  with  minute 
paraffin  crystals,  so  that  their  evidence,  though  confirmatory,  is  not 
sufficient. 

I  feel  fully  justified  in  asserting  that  there  is  in  my  experiments  just 
described  no  blind  jointing  (Ausweichungsclivage)  or  slip  cleavage  in 
the  directions  in  which  cleavage  actually  takes  place,  or  in  directions 
called  for  by  my  theory  of  cleavage.  But  the  bubbles  tend  to  weaken 
the  mass  in  the  directions  in  which  cleavage  should  occur  on  Sharpe's 
theory .  Hence  the  weakening  of  cohesion,  to  which  I  attribute  cleavage 
(along  the  surfaces  of  maximum  tangential  strain),  must  be  so  great 
as  more  than  to  counterbalance  the  effect  of  the  bubbles. 

The  double  or  schistose  cleavage  which  is  called  for  by  theory  and 
is  illustrated  in  fig.  13,  PI.  UI,  is  not  often  displayed  except  by  the 
diversity  in  the  directions  of  the  surfaces  of  fracture  near  the  axis  of 
the  cakes;  but  the  fact  that  near  the  axis  the  cake  may  split  in  either 
of  two  directions  shows  that  there  are  two  intersecting  cleavages. 

Scission  experimefhts. — The  purpose  of  experimenting  with  scission 
was,  as  has  been  explained,  to  produce  a  simple  strain  which,  if  it 
could  be  made  to  lead  to  cleavage  at  all,  would  indicate  beyond  doubt 
whether  the  surfaces  coincided  with  one  of  those  of  maximum  tan- 
gential strain.  In  a  scission  one  of  these  directions  is  parallel  to  two 
faces  of  a  distorted  rectangular  mass,  those,  viz,  which  undergo  no 
change  of  area.  In  this  direction  the  same  set  of  particles  is  subject 
to  maximum  tangential  strain  from  the  inception  of  the  process  to  its 
completion,  however  long  a  time  that  may  be.  There  is  a  second  set 
of  planes  of  maximum  tangential  strain,  but  as  the  strain  increases  in 
amplitude  fresh  sets  of  material  particles  contiimally  replace  one 
another  in  these  latter  planes,  so  that  any  one  set  of  particles  undergoes 
maximum  tangential  strain  along  these  planes  onl}^  for  an  infinitesimal 
time.  Hence,  either  a  smaller  effect,  or  at  least  a  different  effect,  will 
be  produced  on  this  second  set  of  planes.  If  my  theory  is  correct, 
cleavage  is  to  be  looked  for  only  parallel  to  the  planes  of  constant 
area,  for  reasons  indicated  in  a  note  on  the  theory  appended  to  this 
paper.  With  the  unit  shear,  or  when  the  acute  angle  of  the  distorted 
mass  is  45^,  the  major  axis  of  the  strain  ellipsoid  makes  an  angle  of 
about  32*^  (i  tan  ~*2)  with  the  undistorted  planes.  This  strain  is  shown 
in  fig.  31,  PI.  VI. 

Results  for  ceresin, — I  never  expected  to  get  a  perfectly  smooth 
slatj''  cleavage  by  scission,  for  reasons  stated  in  the  appended  note  on 
my  theory.  Experiments  on  the  scission  of  ceresin  blocks  are  not  very 
satisfactory.  If  the  blocks  have  as  high  a  temperature  as  I  found  best 
for  TyndalPs  experiment  (where  the  strains  for  the  most  part  are  of 
much  greater  amplitude  than  my  scission  engine  will  produce),  the 
blocks  show  no  cleavage  at  all.  At  20"^  C.  and  0^  C.  cleavage  some- 
times I'esults  and  is  sometimes  absent  or  insensible.     When  the  cleav- 
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Fig.  22  a. 


Fig.  22  6. 


FIG.   14.    PROBABLE  CLEAVAGES  ON   BECKER'S  THEORY. 
FIG.  15-22.    PHOTOGRAPHS  OF  ACTUAL  CLEAVAGES. 
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age  is  a  vanishing  quantity  or  absent  the  mass  breaks  with  a  more  or 
less  conchoidal  fracture.  WTien  there  is  an}'^  distinct  cleavage  it  is 
parallel  to  the  undistorted  planes. 

One  difficulty  with  ceresin  is  that,  on  account  of  air  bubbles,*  the 
block  does  not  completely  and  homogeneously  fill  the  space.  If  it  did, 
rupture  would  be  impossible.  In  fig.  24,  PI.  V,  is  shown  an  instance 
of  rupture.  The  circle  stamped  on  the  block  before  strain  is  distorted 
to  an  oval  which  is  dislocated  by  three  tiny  faults.  The  joints  formed 
are  exactly  parallel  to  the  undistorted  plane.  The  truncated  upper 
left-hand  corner  shows  the  failure  to  fill  out  the  space. 

In  fig.  25,  PI.  V,  is  shown  a  block  which  did  not  entirely  fill  out  the 
space,  but  was  not  jointed  like  fig.  24,  PI.  V.  When  struck  on  the  back 
with  a  hanuner  it  developed  cracks  having  a  tendency  to  parallelism 
with  the  undistorted  planes.  In  one  case,  after  subjecting  a  cake  to 
scission,  I  cut  off  one  sharp  corner  perpendicularly  to  the  plane  of  no 
distortion  and  filled  out  the  opposite  face  with  a  wedge,  so  as  to  reduce 
the  bloc^k  once  more  to  a  rectangle.  This  was  again  strained  in  the 
engine.  After  chilling  it  broke  with  some  regularity.  It  is  shown  in 
fig.  26,  PI.  V,  where  X  is  the  mass  which  was  added  before  the  second 
strain. 

Results  for  clay. — For  scission  clay  is  a  far  better  material  than 
ceresin,  as  was  mentioned  above,  and  in  all  the  cases  I  have  tried  clay 
blocks  subjected  to  unit  strain  and  lightly  burned  show  cleavage  par- 
allel to  the  planes  of  no  distortion.  A  very  highly  instructive  speci- 
men was  produced  accidentally.  The  distorted  block  was  dried  on  the 
water  bath  and  then  heated  in  an  assay  muffle  furnace,  which,  however, 
grew  hot  too  rapidly.  The  escaping  water  vapor  burst  the  block  into 
many  piecas.  These,  fortunately,  were  of  such  sizes  that  it  proved 
practicable  to  fit  them  together  and  restore  the  outlines  of  the  block. 
This  specinaen  is  illustrated  by  a  photograph  (fig.  27,  PI.  V).  The 
ellipse  is  visible  and  not  faulted,  and  the  cleavage  is  manifestly  parallel 
to  the  planes  of  no  distortion. 

Leasons  drawn. — The  experiments  described  above,  which  constitute 
a  study  in  plasticity,  appear  to  me  to  demonstrate  that  true  cleavage 
(wholly  free  from  blind  joints,  or  Ausweichungsclivage)  can  be  pro- 
duced both  in  ceresin  and  in  clay.  Burning  the  clay  does  not  obliter- 
ate the  cleavage.  The  cleavage  does  not  coincide  even  approximately 
with  the  direction  of  the  major  axes  of  the  strain  ellipsoids.  Neither 
does  the  cleavage  correspond  to  the  position  of  the  major  axes  of  the 
strain  ellipsoids  at  any  previous  stage  of  the  sti*ain.  On  the  other 
hand,  the  orientation  of  the  cleavage  does  correspond  to  the  position 

alt  might  be  better  to  prepare  in  another  way  blocks  of  ceresin  for  scission.  The  melted  mass 
might  be  very  gradually  cooled,  with  very  gentle  stirring,  in  a  flat-bottomed  pan,  and  there  allowed 
to  solidify  without  pouring.  Then  blocks  could  be  sawn  out  of  the  mass  and  planed  to  fit  the  engine. 
Snch  blocks  would  be  free  from  bubbles.  The  experiments  with  clay  are  so  satisfactory  that  I  did 
not  try  this  method. 
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of  the  surfaces  of  maximum  tangential  strain.  Cakes  of  ceresin  line- 
arly compressed  exhibit  and  elucidate  ^laty  cleavage  near  their  edges. 
Toward  their  axes  of  symmetr}'  they  show  and  explain  the  double  or 
multiple  cleavage  so  characteristic  of  the  crystalline  schists.  This  last 
important  phenomenon  is  almost  unintelligible  on  Sharpens  theory,  for 
if  the  greatest  linear  contraction  were  perpendicular  to  one  set  of 
cleavages  in  the  schists,  it  could  not  also  be  perpendicular  to  the 
other.  If  it  be  suggested  that  the  two  (and  sometimes  four)  cleavages 
were  successively  impressed  on  the  schist,  the  answer  is  that  observa- 
tion is  inconsistent  with  this  explanation,  the  distribution  of  minerals 
and  their  mutual  relations  contradicting  the  idea.  The  evidence  pre- 
sented shows  that  rupture  and  cleavage  follow  the  same  surfaces, 
cleavage  being  due,  so  far  as  can  be  told,  to  weakened  cohesion — a 
state  of  things  in  absolute  accord  with  Daubr^e^s  experiments  and 
Heim's  observation  that  Ausweichungsclivage  and  cleavage  without 
rupture  are  sometimes  visible  in  the  same  slide  and  are  parallel  to  each 
other.**  The  effect  of  pressure  in  the  direction  of  greatest  linear  con- 
traction, on  the  other  hand,  is  only  to  force  molecules  closer  together  in 
the  line  joining  their  centers.  How  this  approach  of  molecules  to  one 
another  might  increase  their  cohesive  attraction  I  can  understand;  but 
how  it  could  weaken  it  is,  to  me,  a  mystery.  So  far  as  I  know,  no 
theory  of  molecular  attraction  has  been  formulated  which  would 
account  for  such  a  weakening. 

The  deformation  of  ceresin  implies  only  a  trifling  expenditure  of 
energy  or  a  minute  evolution  of  heat.  When  firm  rocks  are  deformed, 
especially  igneous  rocks,  the  amount  of  work  done  or  of  heat  evolved 
must  be  very  great.  That  such  deformation  should  be  accompanied 
by  the  genesis  of  secondary  minerals  is  in  accordance  with  all  the 
results  of  the  study  of  metamorphism.  Now,  experiments  of  my  own, 
not  yet  published,  show  conclusively  that  crystals  tend  to  grow  in  the 
direction  of  least  resistance,  as  might  indeed  be  assumed,  although  they 
exert  a  linear  force  in  any  direction.  Secondary  minerals  in  a  slate  origi- 
nating in  a  firm  rock  will  thus  tend  to  develop  chiefly  in  the  direction 
of  cleavage.  It  is  not  improbable  that  the  secondary  development  of 
mica  on  cleavage  planes  may  further  facilitate  the  cleavage  to  which 
it  owes  its  existence,  much  as  slickensides  on  a  faulted  surface  facilitate 
further  faulting.  If  the  mica  were  assumed  as  the  origin  of  the 
cleavage,  it  would  be  necessary  to  show  how  it  could  be  generated  and 
oriented  in  planes  independent  of  the  stratification  without  obliterating 

a  Mechanismus  der  OebirgsblMung,  vol.  2, 1878.  pp.  5C  and  59.  Heim  attributes  cleavage  to  move- 
ments (Auflweichungeu)  of  the  mass  perpendicularly  to  the  direction  of  prewure.  It  is  evident  that 
he  refers  to  rdative  movements  of  adjacent  portions  of  the  mass,  or  what  I  call  tangential  movements. 
These  necessarily  imply  forces  locally  Inclined  to  the  direction  of  the  relative  motion,  for,  in  general, 
in  any  solid  or  in  any  hyperviscous  liquid  strained  at  a  finite  rate,  a  tangential  displacement  impliet 
a  force  containing  a  tangential  component.  Heim  insists  that  rupture  and  cleavage,  ivhen  due  to 
one  force,  are  parallel,  a  point  In  which  I  agree  with  him.  On  the  other  hand,  master  joints  and 
false  cleavage  occur  characteristically  at  angles  of  more  than  45°  to  the  slaty  cleavage. 
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the  stratification,  as  well  as  why  grit  beds  in  slate  show  cleavage.  This, 
it  seems  to  me,  has  never  been  successfully  done. 

The  experiments  made  would  indicate  that  the  order  of  linear  com- 
pression in  slates,  supposing  their  volume  inalterable,  is  about  in  the 
i*atio  of  1  to  3  or  4,  and  that  it  is  accompanied  by  large  slides  or  tan- 
gential strains;  but  the  degree  of  strain  needful  to  produce  cleavage 
probably  depends  both  on  the  nature  of  the  material  and  on  the  rate  of 
straining.  From  field  observations  I  suspect  that  a  compression  of 
one-half  sometimes  duifices. 

I  infer  that  a  slate  belt  is  equivalent  to  a  distributed  fault  or  a  step 
fault  with  infinitesimal  steps,  whose  total  displacement  is  of  the  same 
order  as  the  thickness  of  the  slate.  The  direction  of  this  faulting 
(according  to  the  results  reached  in  my  former  discussion)  is  given  by 
the  intersection  of  the  cleavage  plane  with  a  plane  perpendicular  to 
the  grain  of  the  slate,  and  is  therefore  ordinarily  not  greatly  inclined 
to  the  horizon.  Were  the  grain  vertical  it  would  indicate  horizontal 
faulting.  The  major  axis  of  the  strain  ellipsoid  lies  in  the  plane  which 
is  perpendicular  to  the  grain  of  the  slate  but  at  a  considerable  angle 
to  the  cleavage. 

The  force  to  which  cleavage  is  due  lay  in  this  same  plane  at  an  angle 
to  the  cleavage  which  would  be  zero  if  the  strain  were  unalloyed  scis- 
sion, barely  conceivable  in  nature,  and  finite  for  all  other  strains. 
There  is  no  simple  relation  between  the  direction  of  the  force  produ- 
cing strain  and  the  directions  of  the  axes  of  the  strain  ellipsoid  for  any 
case  of  rotational  strain.  In  the  case  of  slate  the  direction  of  the  force 
lay  within  the  acute  angle  between  the  direction  of  greatest  linear  com- 
pression (or  the  smallest  axis  of  the  strain  ellipsoid)  and  the  cleavage. 
In  the  case  of  symmetrically  developed  double  or  multiple  schistosity, 
not  infrequent  in  the  crystalline  schists,  rotation  was  absent  and  the 
direction  of  force  coincided  with  that  of  the  smallest  axis  of  the 
strain  ellipsoid  bisecting  the  obtuse  angle  between  the  cleavages.  It 
appears  probable,  from  the  experiments,  that  the  angle  between  the 
slaty  cleavage  and  the  local  direction  of  the  force  to  which  it  is  due 
may  vary  within  wide  limits. 

For  other  consequences  of  the  theory  confirmed  by  the  experiments 
here  described  1  must  refer  to  my  former  memoir.** 

alt  la  eaider  to  test  the  experimental  results  reached  in  this  paper,  now  that  it  is  written,  than  to 
examine  microscopically  even  a  very  small  suite  of  rocks.  The  following  method  of  verification  is 
suggested:  Any  young  student  or  handy  Janitor  can  prepare  a  set  of  cylinders  of  ceresin  cast  at  the 
lowest  practicable  temperature,  with  flat  ends,  and  of  a  diameter  equal  to  the  length.  Keep  ten  or 
twelve  such  cylinders  in  a  thermostat  over  night  at  35°  C.  Compress  them,  three  at  a  time,  between 
heavy,  somewhat  warm  glass  plates  in  a  copying  press  to  one-third  of  their  original  length,  so  slowly 
as  not  to  burst  the  edges.  Put  the  cakes  in  ice  and  tialt  for  an  hour  or  more.  Then  cut  one  or  more  of 
the  cakes  in  two  on  a  plane  which  includes  the  axis.  Examination  of  the  minut.e  bubbles  should 
show  whether  my  diagram  of  the  distribution  of  strain  ellipsoids  adequately  expresses  the  facts.  If 
it  does  so,  the  figures  exhibiting  the  alternative  cleavage,  according  to  Sharpe's  theory  or  mine,  must 
also  be  correct.  Split  the  rest  of  the  cakes  by  striking  them  edgewise  with  a  hammer,  and  compare 
the  cleavage  with  the  diagrams. 


MATHEMATICAL  NOTES. 
NOTE  ON  THE   TIIEOKY   OF  SLATT  CLEAVAGE. 

The  theory  of  rupture  of  rock  masses  under  pressure  which  I  have 
propounded  *»  is  that  f  i-acture  occurs  along  planes  of  maximum  tangen- 
tial strain,  or,  as  it  is  also  called,  of  maximum  slide.  Cleavage  I  regard 
as  due  to  a  weakening  of  cohesion,  antecedent  to  rupture,  on  these 
same  planes  of  maximum  slide,  the  effects  being  influenced  by  viscosity, 
although  the  direction  is  independent  of  viscosity.  For  the  full  devel- 
opment of  this  theory  the  reader  must  be  referred  to  the  former 
memoir,  just  cited,  but  some  essential  features  should  be  included  here. 

The  planes  of  maximum  tangential  strain  in  a  homogeneously  strained 
mass  are  readily  found.  Their  position  relative  to  the  major  axis  of 
the  strain  ellipsoid  is  independent  of  the  cubical  compression  to  which 
the  mass  may  have  been  subjected,  and  of  any  rotation  which  the  axes 
may  have  undergone  relatively  to  the  elements  of  mass.  These  posi- 
tions are  therefore  dependent  only  on  the  two  pure  undilational  shears, 
at  right  angles  to  each  other,  which  determine  the  relative  magnitude 
of  the  axes  of  the  strain  ellipsoid.  These  two  shears  may  be  separately 
considered. 

The  first  problem  is,  then,  to  find  the  planes  of  maximum  tangential 
strain  in  an  irrotational  shear  ellipsoid.  In  this  ellipsoid  the  section 
containing  the  greatest  and  least  axes  is  an  ellipse  of  the  same  area  as 
the  corresponding  great  circle  of  the  original  sphere.  If  the  radius  of 
the  circle  is  taken  as  unity,  the  major  axis  of  the  ellipse  may  be  called 
a  (the  "ratio  of  shear")  and  the  minor  axis  will  be  l/a,  so  that  all 
lines  in  the  ellipse  parallel  to  the  major  axis  of  the  ellipse  exceed  their 
original  length  in  the  ratio  ^,  and  all  lines  parallel  to  the  minor  axis 
have  been  reduced  in  length  in  the  ratio  \\a. 

In  the  circle  draw  any  parallelogram,  for  instance  one  with  its  cen- 
ter at  the  center  of  figure,  and  from  the  center  draw  two  radii  parallel 
to  the  sides  of  the  parallelogram,  making  angles  3^  and  ^^  with  the 
major  axis,  and  meeting  the  circle  at  points  x  y  and  x^  y^,  as  shown  in 
fig.  28,  PI.  VI.  Then  in  the  ellipse  there  will  be  a  corresponding 
parallelogram  and  set  of  points  which  may  be  indicated  by  the  same 
letters  primed. 


a  Finite  homogeneous  strain,  flow,  and  rupture  of  rocks:  Bull.  Geol.  Soc.  America,  vol.  4, 1893,  pp. 
ia-90. 
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Now  slide  will  change  the  angles  of  the  original  parallelogram,  or 
the  inclination  of  the  radii  in  the  circle,  and  the  greater  this  change 
the  greater  the  slide.  If,  therefore,  the  maximum  slide  is  sought^  the 
deflection  of  each  of  the  two  radii  must  be  a  maximum,  and  symmetry 
shows  that  ^  and  5^  must  be  equal.  Hence  the  problem  reduces  to 
finding  the  radius  in  the  circle  which  experiences  the  greatest  change 
of  direction  through  the  stiuin.  This  is  very  easy,  for  by  definition 
(see  fig.  29,  PI.  VI), 

a/=flfa?/  y'=y/«; 

tan  ^=ylx;  tan  ^'=^=^-5.^5 
so  that 

tan  (5-5)-    ^_^^^.^y 

which  has  its  maximum  value  when 

tan  ^=a;  tan  ^'=l/flr. 
Thus  the  maximum  value  of 


tan  (:^-^')  =  — 2 

The  total  change  of  the  angle  of  the  original  rhomb  is  measured  by 
twice  this  quantity,  and  a— a~*  is  known  as  the  '^amount  of  shear."* 
In  polar  coordinates  the  equation  of  the  ellipse  is 

^^+a«sin»5'=i, 

and  when  a=cot  ^',  evidently  r=l,  so  that  the  directions  in  which 
slide  is  a  maximum  for  a  single  shear  are  those  in  which  the  radii 
have  preserved  their  original  length.  In  other  words,  if  the  circle 
is  superposed  upon  the  ellipse,  the  intersections  of  the  two  curves 
are  the  extremities  of  the  radii  in  question.  Hence,  also,  the  planes 
of  maximum  tangential  strain  in  the  shear  ellipsoid  are  the  circular 
sections. 

This  subject  can  also  be  profitably  considered  from  another  point  of 
view,  that  of  the  stresses  involved.  If  a  rod  is  subjected  to  a  finite 
tensile  load  Q^  I  have  shown  *  that  the  resultant  stress  (force  per  unit 
area),  i?,  the  normal  stress,  J\\  and  the  tangential  stress,  T,  in  one 
component  shear,  may  be  written  as  follows: 


iV^=^(«sm"5' a  ~^' 

r=^(a+-)  •sin«:ycos»5'. 
9  ^        a' 


a— a  ». 

alt  would  be  much  better  to  meanure  shear  by  the  quantity 2 audto  call  thin  the  amplitude 

of  shear. 
bThe  finite  elastic  stress-strain  function:  Am.  Jour.  Sci.,  3d  ser.,  vol.  44,  1893,  pp.  837-366. 
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Comparing  this  value  of  IP  with  the  polar  equation  of  the  ellipse,  it 
appears  that  for  any  value  of  3' 

so  that  the  resultant  load  or  initial  stress,  or  stress  into  final  area,  is  the 
same  on  any  section.  Now,  for  the  circular  section,  or  tan  5'=l/ar, 
N—Oy  so  that  the  entire  load  is  tangential,  and  although  the  tangential 
stress  (as  is  well  known)  is  greatest  for  J^'=45°,  the  tangential  load, 
nr  T,  is  greatest  for  tan  5'  =  l/a,  and  then  becomes  7tT=nQlZ=nR. 
Thus,  according  to  the  theory  here  set  forth,  rupture  and  cleavage  are 
determined  by  maximum  tangential  load,  not  by  maximum  tangential 
stress. 

If  a  second  shear  is  applied  to  the  mass  in  a  plane  at  right  angles  to 
the  first,  the  effect  in  the  plane  of  the  first  shear  is  only  to  reduce  the 
height  without  altering  the  breadth.  Consequently  no  further  slide 
is  produced  in  the  plane  of  the  first  shear  and  no  further  tendency  to 
the  impairment  of  cohesion  or  to  its  dissolution  exists.  On  the  other 
hand,  the  angle  of  the  planes  of  maximum  tangential  strain  to  the 
major  axis  of  the  ellipse  is  modified.  If  the  final  angle  made  by  these 
planes  with  the  major  axis  A^  is  (»,  and  if  B  and  (7  are  the  other  axes 
of  the  ellipsoid  (A>  C>  B)  it  is  easy  to  see*  that  in  the  plane  AB 

tan»(»=B*/^C'; 
or  if  the  mass  is  incompressible,  so  that  ABC=^1^ 

tan  co=:B. 

From  the  point  of  view  of  cleavage  and  rupture,  the  inner  mechan- 
ism of  a  pure  shear  is  important.  Suppose  the  rhomb  shown  in  fig. 
30a,  PI.  VI,  to  be  divided  into  an  infinite  number  of  equal  strips, 
each  of  length  equal  to  a  side,  and  that  these  be  slid  over  one  another 
as  the  cards  of  a  pack  can  be  slipped.  Then  the  resulting  figure  may 
be  a  square,  shown  at  b.  Divide  this  square  anew  into  strips  at  right 
angles  to  the  former  divisions  and  shift  these  new  strips  as  shown 
in  fig.  306%  PI.  VI.  The  result  of  the  double  process  will  be  a  rhomb 
identical  with  that  due  to  pure  shear,  shown  in  the  preceding  diagram, 
fig.  29,  PI.  VI.^ 

Now,  not  only  is  shear  produced  by  this  mechanism,  but  it  seems 
impossible  to  devise  any  other  mechanism  by  means  of  which  it  can 
be  produced.  The  significant  point  is  that  action  is  almost  confined 
to  planes  parallel  to  the  sides  of  the  rhomb;  elsewhere  the  only  rela- 
tive movement  which  occurs  is  mere  approach  or  separation  of  mole- 
cules on  lines  joining  their  centers.    It  is  conceivable  that  the  lengthen- 

oBull.  Geol.  Soc.  America,  vol.  4, 1893,  pp.  34  and  22. 

bThe  two  component  strains  are  NcLssions,  and  it  is  susceptible  of  easy  algebraic  proof  that  if  two 
scicfeions  of  equal  amplitude  are  8U{)crposed  in  such  a  manner  as  to  produce  pure  shear  the  two  scis- 
sion planes  must  be  at  right  angles  to  each  other.  If  the  ratio  of  the  resultant  shear  is  a,  the  ratio  of 
shear  in  each  of  the  scissions  must  be  y/a. 
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ing  of  elements  parallel  to  the  major  axis  should  cause  rupture 
perpendicular  to  this  direction,  or  in  planes  parallel  to  the  plane  of 
the  mean  and  minor  axis.  It  is  also  true  that  when  short  cylinders  are 
subjected  to  linear  compression,  their  edges  sometimes  split  by  tension 
meridionally  or  in  planes  perpendicular  to  the  plane  of  the  two  greater 
axes  of  the  strain  ellipsoid,  and  that  the  blocks  sometimes  yield  along 
planes  of  maximum  tangential  strain.  But  that  the  approach  of  mole- 
cules along  the  smallest  axis,  on  lines  joining  their  centers  should  tend 
to  weaken  their  cohesion  and  produce  cleavage  perpendicular  to  the 
smallest  axis  seems  to  me  most  improbable  from  a  mechanical  point 
of  view,  and  I  have  found  no  experimental  evidence  of  such  an  effect. 
Such  an  effect,  however,  is  implied  in  Sharpens  theory  of  cleavage. 

In  a  pure  shear  the  lines  of  maximum  tangential  strain  do  not  coin- 
cide throughout  the  strain  with  the  same  material  particles.  The  first 
particles  to  undergo  this  strain  stood  originally  at  45^  to  the  line  of 
pressure,  while  those  which  ultimately  underwent  maximum  tangential 
strain  originally  lay  at  angles  of  less  than  45^  to  the  line  of  pressure — 
i.  e.,  tan  ""'l/a.  These  lines  of  strain  thus  rotate  through  wedges  of 
the  strained  mass.  The  axes  of  the  ellipsoid,  however,  in  any  so-called 
pure  strain  coincide  with  the  same  sets  of  particles  throughout,  and 
maintain  an  invariable  direction. 

In  rotational  strains,  on  the  other  hand,  the  axes  of  the  ellipsoid 
wander,  so  that  successive  sets  of  particles  become  axial.  This  rota- 
tion of  the  axes  affects  also  the  rotation  of  the  lines  of  maximum  slide. 
The  axial  rotation  adds  to  the  rotation  of  one  set  of  lines  of  maximum 
slide  and  diminishes  the  rotation  of  the  other  set.  Hence,  in  rotational 
strain  one  set  of  sliding  planes  wanders  through  the  mass  faster  than 
the  other.  Consequently,  also,  on  one  side  of  the  minor  axis  a  given 
radial  layer  of  particles  is  subjected  to  maximum  tangential  strain  for 
a  longer  time  than  the  corresponding  layer  on  the  other  side.  The 
angle  of  rotation  of  a  strain  is  the  angle  between  either  axis  of  the 
strain  ellipsoid  and  the  line  which  passed  through  the  same  set  of 
particles  before  strain  began. 

The  extreme  case  of  rotational  strain,  and  the  most  important  one, 
is  scission  (fig.  31,  PI.  VI).  In  scission  the  rotation  of  the  axes  of  the 
strain  ellipsoid  exactly  compensates  for  the  rotation  which  one  set  of 
planes  of  maxinmm  strain  would  have  in  an  irrotational  strain  of  equal 
amount.  Hence,  in  scission  this  latter  set  of  planes  does  not  rotate  at 
all,  or,  in  other  words,  the  same  set  of  material  particles  is  subject  to 
maximum  tangential  sti-ain  from  the  inception  of  stmin  to  its  con- 
clusion. The  other  set  of  planes  rotates  through  the  mass  just  twice 
as  quickly  as  it  would  if  the  stniin  were  "pure." 

Now,  all  real  matter  is  viscous,  and  a  solid  displays  its  viscosity  by 
yielding  gradually  to  force  up  to  a  certain  limit.  A  mass  to  which  force 
is  applied  for  a  brief  time  interval  resists  defoimation  not  only  in  virtue 
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of  its ''  rigidity,"  ^  but  in  virtue  of  its  viscosity  also.  Hence,  in  the  case 
of  rotational  strains  in  viscous  solids,  those  layers  of  particles  through 
which  the  planes  of  maximum  tangential  strain  move  more  slowly  will 
experience  greater  permanent  deformation  than  the  layers  on  the 
other  side  of  the  minor  axis.  These  last,  when  the  difference  of  rotft- 
tion  is  considerable,  will  either  recover  elastically  or  rupture  like  a 
brittle  body,  thus  giving  rise  to  master  joints  and  false  cleavage. 

Hence,  according  to  the  theory  here  propounded,  slaty  cleavage 
will  result,  in  suitable  material,  from  rotational  strains,  and  will  be 
found  on  the  side  of  the  least  axis  of  the  strain  ellipsoid  from  which 
rotation  takes  place.  In  other  words,  it  will  occur  at  an  angle  to  the 
major  axis,  the  tangent  of  which  is  the  third  root  of  W!A  (7,  but  at 
only  one  of  the  angles  so  defined.  It  does  not  seem  probable,  from  a 
theoretical  point  of  view,  that  scission  by  itself  will  produce  relatively 
perfect  or  smooth  cleavage.  If  the  cleavage  due  to  scission  alone  had 
a  certain  roughness,  and  if  the  mass  were  further  subjected  to  a  linear 
compression  that  would  reduce  it  to  a  fourth  of  its  original  thickness, 
this  roughness  would  also  be  reduced  to  a  fourth,  or  the  cleavage 
would  be  four  times  as  smooth  as  in  simple  scission.  Furthermore, 
the  conditions  under  which  scission  alone  is  produced  must  be 
extremely  exceptional  among  rocks.  All  deformations,  however,  can 
be  resolved  into  scissions;  so  that,  if  it  were  to  be  said  that  cleavage 
is  due  to  strains  compounded  of  scissions,  this  would  merely  be  equiv- 
alent to  asserting  that  cleavage  is  due  to  deformation. 


NOTE  ON   INSCRIPTION  OF  AN  ELLIPSE  IN  A    PARALLELOGRAM. 

This  problem  is  easily  solved  algebraically  if,  for  example,  the  par- 
allelogram is  derived  from  a  square  by  displacements.  It  is  thus 
treated  in  my  former  memoir  on  homogeneous  strain.  For  such  dis- 
cussions as  have  been  offered  in  this  paper  it  is  convenient  to  use  a 
graphical  method. 

Let  the  sides  of  the  parallelogram  in  fig.  32,  PL  VII,  be  2a'  and  2J', 
the  value  of  a'  being  greater  than  that  of  J',  and  let  the  acute  angle 
between  the  sides  be  »/\  Draw  through  the  center  of  the  figure  lines 
parallel  to  the  sides,  then  these  lines  will  be  conjugate  diameters  of  the 
inscribed  ellipse.  By  the  properties  of  conjugate  diameters  these  are 
connected  with  the  axes  a  and  5  by  the  two  relations, 

(a±J)»=(^"+J'*±2a'  i'  sin  ^. 

fl  Rigidity  is  resistaiice  to  change  of  shape  when  the  force  is  bo  gradoally  applied  that  viscosity  does 
not  come  into  play.  Rubl>or  is  a  rigid  bfKly  with  a  low  moduluji  of  rigidity.  Rigidity  in  this  tech- 
nical seuae  ia  a  property  common  to  all  solid  bodies. 


U.  6.  OEOLOQICAL  SURVEY 
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FIG.  32.    INSCRIPTION  OF  ELLIPSE  IN   PARALLELOGRAM. 

FIG.  33.   APPROXIMATE  INSCRIPTION  OF  ELLIPSE  IN  CURVILINEAR  QUADRILATERAL. 
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From  tho  center,  o,  draw  a  line  od  perpendicular  tx>  a!  and  of  length 
a\  Connect  the  foot  of  V  (or  the*  point  e)  with  d.  Then  in  the  tri- 
angle ode  the  angle  doe  is  90^—^,  and  therefore 

rf^'=a'»+J'«~2a'  V  sin  V^=(a- J)V 

Again  draw  from  d  to  the  top  of  the  shorter  conjugate  diameter  the 
line  df.     Here  the  angle  ybdf  is  90^+^,  and  hence 

^"=a'«+}'«4-2a'  V  sin  0=(a+i)«. 

With  de  as  radius,  describe  a  circle  about  d  cutting  fd  at  k  and  pro- 
long yK  to  ^.     Then,  evidently, 

so  that  the  magnitude  of  the  axes  is  known.  To  find  their  position, 
draw  through  o  lines  parallel  to  the  chords  ek  and  eg.  The  line^^rf  will 
then  be  divided  as  in  the  ordinary  construction  of  the  ellipse,  founded 
on  the  theorem  that  if  two  fixed  points,  on  a  right  line,  are  con- 
strained to  move  on  rectangular  axes,  the  curve  generated  by  any 
other  point  on  the  line  will  be  an  ellipse  whose  greatest  and  least 
diamct  rs  lie  in  the  given  rectangular  axes.  The  construction 
shows  that  y*  is  a  point  on  the  ellipse.  There  are  two  positions  of  the 
axes  found  which  are  compatible  with  this  condition,  but  only  one 
which  is  compatible  with  the  further  condition  that  yi^  shall  be  tangent 
to  the  curve.     Hence  a  is  parallel  to  ek  and  h  is  parallel  to  eg. 

I  find  that  a  closely  analogous  construction  was  given  by  Mannheim, 
in  1857.^    That  here  presented  has  certain  advantages. 

To  find  the  mean  radius  of  the  ellipse,  draw  the  line  fh  tangent  to 
the  circle.     Then 

or  twice  the  radius  required.  Also  the  angle  fdh  is  the  acute  angle 
between  mean  radii  of  the  ellipse.  If  the  length  y/'^  is  set  off  on  a, 
and  lines  are  drawn  from  this  point  to  the  extremities  of  the  minor 
axis,  they  will  be  parallel  to  the  mean  radii  and  correspond  to  the  sides 
of  the  rhomb  in  fig.  29. 

If  only  the  position  of  the  axes  in  the  rhomb  is  wanted,  it  can  con- 
veniently be  found  as  follows  without  determining  the  magnitude  of 
the  axes.     Let  ^  be  the  angle  between  a  and  a! ;  then 

tan23=?i5^ 

cos  2^-f «'« //»• 

To  prove  this  equation,  write  the  equation  of  the  ellipse  referred  to  its 
conjugates  as  axes  in  the  well-known  form  x*^  a"+y'*/J'*=:l.     If  ^and 

a  See  wmiamflon'B  Dlfl.  Calc,  9th  ed.,  p.  874. 
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y  are  abscissa  and  ordinate  of  a  point  on  the  ellipse  referred  to  rec- 
tangular axes,  one  of  them  containing  a', 

y'=ylsinip]  xf=x—yltsint/^\ 

Substitution  gives  an  equation  of  the  ellipse  in  rectangular  coordinates 

equivalent  to 

a^iii?+2a^^xy+aty=l^ 

and  it  is  well  known  that 

tan  25=^'« , 


^11         ^2« 


which  gives  the  value  stated  above.  This  value  may  be  old,  but  I  do 
not  recall  having  seen  it. 

When  it  is  desirable  to  draw  the  strain  ellipse  characteristic  of  the 
central  point  of  a  curvilinear  quadrangle  representing  a  small  portion 
of  a  strained  mass,  a  rational  method  which  can  not  be  very  erroneous 
is  as  follows:  In  tig.  33,  PI.  VII,  at  the  central  points,  7/i,  of  two  oppo- 
site curved  sides  draw  tangents  and  from  their  intersection  a  line,  /?, 
bisecting  the  angle  between  the  tangents.  Proceeding  in  the  same 
way  with  the  other  two  curvilinear  sides,  find  a  second  bisectrix. 
Next  draw  through  the  middle  points,  ?/?,  of  the  curvilinear  sides  lines 
parallel  to  the  bisectrices.  These  parallels  form  a  parallelogram  in 
which,  as  shown  above,  it  is  easy  to  inscribe  an  ellipse,  which,  how- 
ever, may  not  make  an  exact  contact  with  the  curved  sides,  though  it 
usually  approaches  closelj'  to  contact. 

To  examine  the  legitimacy  of  this  construction,  suppose  that  not 
merely  the  sides  were  given  but  a  large  number  of  intermediate 
curves.  Then  at  the.  center  there  would  be  a  small  parallelogram 
whose  sides  would  have  directions  intermediate  between  the  tangents 
at  the  points  m.  Evidentl}'^  the  sinaplest  hypothesis  is  that  the  direc- 
tions of  these  sides  would  each  be  the  mean  of  those  of  the  two  oppo- 
site tangents,  and  this  assumption  is  made  in  the  construction.  Though 
the  spacing  of  the  intermediate  curves  would  in  general  vary,  it  is  per- 
fectly legitimate  to  assume  that  for  small  distances  the  spacing  would 
vary  linearly,  so  that  in  the  central  parallelogram  points  correspond- 
ing to  m  would  lie  at  distances  apart  which  are  simply  proportional  to 
those  of  these  points  on  the  curvilinear  quadrangle.  No  further 
assumption  is  made  in  the  construction,  and  I  can  see  no  doubt  that  it 
is  suflSciently  accurate  for  any  such  purpose  as  that  to  which  it  has 
been  applied  in  the  foregoing  paper. 


NOTE   ON    COMPUTATION   OF   TAN  GO, 


Let  ^,  J,  c  be  the  axes  of  the  strain  ellipsoid,  c  being  vertical  to  the 
plane  of  the  diagram,  and  let  i^  —  ahc.     If  x  is  the  original  distance  of 
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a  point  from  the  axis  of  the  cylinder  and  t!  the  final  distance  of  the 
same  point  from  the  axis  of  the  compressed  cake, 

r~2  n  X  ~x 


the  area  of  the  ellipse.  In  preparing  fig.  11,  PI.  Ill,  I  found  that  the 
ellipses  obtained  by  construction  agreed  very  fairly  with  the  last 
formula.  The  differences  seemed  due  to  slight  inaccuracy  in  repro- 
ducing the  network  of  curved  lines  in  the  dissected  cakes,  fig.  10,  PI.  III. 
The  angle  a?  is  given  by 

tan'  «-;5=^  -' 

or  if  A  and  B  are  the  axes  found  by  construction,  and  if  it  is  assumed 
that  BlA=bla, 


tan  oj=^  —  -j=z~, 


x'A 
and 


Vx^  A_a 
x'  B^r 


In  fig.  11,  PI.  Ill,  the  ellipses  are  plotted  from  the  computed  axes, 
the  ellipticity  and  orientation  being  derived  from  the  construction. 
Only  a  very  minute  examination  would  distinguish  this  from  a  diagram 
depending  solely  on  construction. 


NOTE   ON   VOLUME   CHANGES    IN   THE    FORMATION   OF  SLATE. 

In  some  theories  of  slaty  cleavage,  cubical  compressibility  of  the 
mass  is  invoked  to  explain  certain  phenomena;  but  it  seems  very 
doubtful  to  me  whether  this  can  play  any  notable  part  in  the  process 
of  slate  making.  In  plastic  deformation  a  mass  must  first  be  strained 
to  the  elastic  limit,  at  which  there  is  a  cubical  compression  correspond- 
ing to  the  intensity  of  the  force  (or  to  the  stress)  needed  to  produce  this 
strain.  When  the  stress  is  increased  above  this  limit  plastic  deforma- 
tion sets  in  and  is  attended  by  no  further  change  of  volume.     Thus 
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the  change  of  volume  is  a  function  of  the  stress  at  the  elastic  limit, 
and  the  cubical  compression  is  one-third  of  this  stress  divided  by  the 
modulus  of  compressibility. 

Now,  slates  are  in  part  derived  from  structureless  shales  which,  at 
any  considerable  distance  beneath  the  surface,  are  moist.  Their  com- 
pressibility must  be  intermediate  between  that  of  water  and  that  of 
their  mineral  components.  Other  slates,  again,  are  produced  from  firm 
rocks  like  granite.  The  moduluses  of  compression  of  shale  and  gran- 
ite are  not  known;  that  of  water  is  21 X 10*  grams  per  square  centi- 
meter; that  of  quartz,  387x10*  (Voigt),  and  that  of  glass  from 
347x10*  to  437X10*  (Everett).  Again,  the  breaking  strain  of  con- 
crete under  compressive  loads  is  from  80,000  grams  per  square  centi- 
meter upward,  and  that  of  granite  is  1,006,000  (v.  Bach).  Of  course 
the  elastic  limit  is  lower  than  the  breaking  strain.  Now,  if  shale  is  as 
strong  as  an  inferior  concrete  and  as  compressible  as  water,  the  cubical 
compression  at  the  elastic  limit  will  be 

and  if  granite  is  as  compressible  as  quartz,  the  cubical  compression 
when  it  begins  to  flow  will  be 

^•^^^^^  =.00087. 


3X387X10* 


In  each  case  the  cubical  compression  (which  is  three  times  the  linear 
compression)  turns  out  nearly  one-tenth  of  1  per  cent,  a  quantit}^  the 
evidences  of  which  it  would  be  very  difficult  to  trace  in  the  field.  It 
seems  to  me  that  the  change  in  volume  of  shales  and  granites  must 
be  of  this  order,  and  that,  for  most  purposes,  they  may  be  regarded  as 
incompressible. 

Doubtless  the  metamorphism  and  hydration  of  slate  is  attended  by 
changes  in  density;  but  densities  of  2.60  to  2.80  appear  to  include 
some  clays,  all  the  clay  slates  and  phyllites  of  which  I  have  a  record, 
and  the  more  typical  granites.  These  densities  thus  afford  no  evidence 
that  considerable  increase  in  density  attends  the  development  of 
cleavage. 
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GEOLOGY  OF  THE  HUDSON  VALLEY  BETWEEN  THE 

HOOSIC  AND  THE  KINDERHOOK. 


By  T.  Nelson  Dale. 


INTRODUCTION . 

This  paper  treats  of  a  strip  of  the  Hudson  Valley  between  the 
Hudson  River  on  the  west  and  the  Rensselaer  Plateau  and  the  Taconic 
Range  on  the  east.  It  is  roughly  bounded  on  the  north  by  the  Hoosic 
and  on  the  south  by  the  Kinderhook,  and  has  an  area  of  about  315 
square  miles,  situated  mostly  in  Rensselaer  County  but  partly  in 
Columbia  County,  N.  Y. ;  it  includes  a  portion  of  the  area  of  the 
Cohoes,  Troy,  and  Kinderhook  sheets  of  the  topographic  atlas  of  the 
United  States  Geological  Survey. 

This  area  presents  several  geological  problems  which  have  long  been 
in  process  of  solution.  These  are:  The  delimitation  and  age  of  the 
several  formations,  the  order  of  their  local  deposition,  and  their  pres- 
ent structural  relations.  These  problems  would  be  easily  solved  but 
for  the  rarity  of  fossil  localities  and  the  obscure  character  of  many  of 
the  fossils,  the  i>etrographic  similarity  of  beds  belonging  to  several 
formations,  the  minor  overturned  folding  which  marks  almost  the 
entire  belt,  the  reverse  faulting  in  places,  and  the  general  prevalence 
of  glacial  deposits. 

The  publication  of  this  paper  carries  out  a  design  originated  by 
Prof.  Raphael  Pumpelly,  while  in  charge  of  the  Archean  division  of  the 
United  States  Geological  Survey,  to  carefully  study  a  belt,  from  20  to 
40  miles  wide  from  north  to  south,  extending  from  the  highly  meta- 
morphic  zone  of  the  Green  Mountain  range  in  Massachusetts  to  the 
zone  of  unaltered  sediments  at  the  Hudson  River.  Monograph  XXHI 
of  the  United  States  Geological  Survey,  on  the  Green  Mountains  in 
Massachusetts  (1894),  and  the  writer's  paper  on  the  Rensselaer  Plateau 
in  New  York  (1893),  marked  the  execution  of  the  more  important  part 
of  this  plan,  and  the  present  paper  completes  it. 

This  paper  does  not  claim  to  be  exhaustive,  but  is  intended  to  facili- 
tate more  minute  explorations  by  others,  as  well  as  the  extension  of 
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the  work  southward  and  northward.  It  is  offered  as  a  contribution 
chiefly  to  the  stratigraphy  of  the  region,  paleontological  investigations 
having  been  made  entirely  subsidiary  to  that  and  having  been  con- 
fined to  the  reference  of  fossils  to  paleontologists  for  determination. 

The  paper  presents  mainly  the  results  of  three  months'  field  work 
done  by  the  writer,  assisted  by  Mr.  Louis  M.  Prindle,  in  1893,  and 
also  of  a  month's  work,  without  his  assistance,  during  1890,  1891, 
1894,  and  1895,  of  another  month's  work  in  1898  and  1899,  and  of 
about  three  weeks'  work  in  1901,  in  all  equivalent  to  eight  and  three- 
fourths  months'  field  work  by  one  person.  On  the  map  (PI.  I)  are 
shown  several  important  fossil  localities,  some  hitherto  impublished, 
discovered  by  Mr.  Charles  D.  Walcott  prior  to  1890,  some  fossil 
localities  discovered  by  Ford  in  Troy,  and  several  localities  either 
discovered  or  located  in  Troy  and  Nassau  by  Mr.  August  F.  Foerste 
during  a  three  weeks'  reconnaissance  made  in  1892  and  in  a  few  days 
of  1890.  Mr.  Foerste  submitted  a  report  of  his  detailed  work  al)out 
Troy  to  Professor  Pumpelly,  from  which  a  few  quotations  and  figs.  13 
and  14,  which  embody  his  general  results,  have  been  taken.  Figs.  4, 
5,  and  6  are  from  Mr.  Prindle's  note  book.  Paleontological  determi- 
nations have  been  credited  in  their  places.  Mr.  Rudolf  Ruedemann's 
published  graptolite  localities  on  the  Deep  Kill  and  at  Schaghticoke 
are  specially  designated  on  the  map. 

The  extension  of  geological  field  work  by  this  Survey  in  recent 
years  through  the  Cambro-Ordovician  belt,  along  the  west  side  of  the 
Taconic  Range,  in  Washington  County,  N.  Y.,  and  Rutland  County, 
Vt.,  has  thrown  much  light  on  the  relations  of  these  formations  in  the 
Hudson  Valley,  and  will  facilitate  the  interpretation  of  the  phenomena 
to  be  described. 

lilTERATURE. 

Omitting  the  maps  and  descriptions  of  the  early  surveys,  the  modern 
geological  literature  of  this  tract  is  as  follows,  arranged  in  chronolog- 
ical order: 

■ 

1.  Ford,  S.  W.  Notes  on  the  Primordial  rocks  in  the  vicinity  of  Troy,  N.  Y. :  Am. 
Jour.  Sci.,  :M  ser.,  vol,  2,  pp.  32-34, 1871. 

2.  Ford,  S.  W.  Note  on  the  discovery  of  a  new  locality  of  Primonlial  fossils  in 
Rensselaer  County,  N.  Y.:  Am.  Jour.  Sci.,  3d  ser,,  vol.  9,  pp.  204-206,  1875. 

(See  also  other  paleontoloj^ical  articles  by  the  same  author  in  vols.  11,  1876,  and 
19,  1880,  of  same  journal.) 

3.  Ford,  8.  W.  On  the  age  of  the  glazed  and  contorted  slaty  rocks  in  the  vicinity 
of  Schodack  Landing,  Renaselaer  County,  N.  Y.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  28,  pp. 
206-208,  1884. 

4.  Ford,  S.  W.  Observations  upon  the  great  fault  in  the  \'icinity  of  Schodack  Land- 
ing, Rensselaer  Clounty,  N.  Y.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  29,  pp.  16-19,  1885. 

5.  Bishop,  I.  P.  On  certain  fossiliferous  limestones  of  Columl)ia  County,  N.  Y., 
and  their  relation  to  the  Hudson  River  shales  and  the  Taconic  system:  Am.  Jour. 
Sci.,  3d  ser.,  vol.  32,  pi).  4:iS-441,  1886. 
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6.  WALcxnr,  Charles  D.  The  Taconio  system  of  Emmons  and  the  use  of  the 
name  Taconic  in  geologic  nomenclature:  Am.  Jour.  Sci.,  3d  ser.,  vol.  35,  pp.  229-327, 
395-401,  and  map,  pi.  3,  1888. 

7.  Bishop,  I.  P.  A  new  locality  of  Lower  Silurian  fossils  in  the  limestones  of 
Columbia  County,  N.  Y.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  31,  pp.  69-70,  1890. 

8.  Walcxxtt,  Charles  D.  Correlation  papers,  Cambrian:  Bull.  U.  S.  Geol.  Survey 
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TOPOGRAPHY. 

The  most  salient  topographic  feature  in  this  tract  is  the  line  of  hills 
l)ordering  the  horizon  on  the  east,  and  ranging  in  height  from  1,200 
to  1,400,  rarely  to  1,600,  feet  above  sea  hn^el.  This  is  the  western 
edge  of  a  plateau  only  a  third  of  whose  area  appears  on  the  map. 
Along  the  centml  part  of  the  eastern  edge  of  the  tmct  here  mapped 
this  plateau  is  3  miles  wide,  but  in  Grafton,  at  the  north,  and 
in  Nassau,  at  the  south,  the  plateau  front  recedes  farther  eastward. 
South  of  this  plateau  a  somewhat  irregular  mass  of  hills,  belonging  to 
the  Taconic  Ktinge  and  ranging  from  800  to  1,150  feet  above  sea  level, 
advances  westward  as  far  as  Chatham.     Between  the  point  where  the 
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northern  edge  of  the  plateau  turns  eastward  and  the  Waahin^ton 
County  line  there  are  no  highlands. 

The  lowland  is  marked  by  numerous  more  or  less  oval  hillocks,  usu- 
ally from  100  to  200  feet  high,  and  mostly  of  glacial  origin.  Two 
conspicuous  isolated  hill  masses,  Mount  Rafinesque  in  Brunswick  (1,107 
feet),  with  the  adjacent  Rice  (or  Bald)  Mountain  (925  feet)  in  Lansing- 
burg,  and  Curtis  Mountain  (Dusenbery  Ridge)  in  Nassau  (1,180  feet), 
rise  from  500  to  600  feet  above  the  lowland.  The  lowland  drops  gradu- 
ally from  the  600-  and  700-foot  levels  at  the  east  to  the  250-foot  level 
at  the  west  in  a  distance  of  7  to  11  miles,  and  within  another  mile 
descends  to  tide  water.  The  drainage  is  all  to  the  Hudson.  The  prin- 
cipal streams,  beginning  at  the  north,  are  theHoosic,  the  Poesten  Kill, 
the  Wy nant  Kill ,  the  Moordener  Kill,  and  the  Kinderhook.  Numerous 
smaller  streams  enter  the  Hudson  directly,  having  cut  deep  ravines  in 
the  terrace-capped  shales  which  form  its  eastern  bank.  The  Hoosic, 
near  Schaghticoke,  has  cut  a  canyon  nearly  200  feet  deep  through  simi- 
lar materials.  The  Poesten  Kill,  which  drains  a  large  part  of  the 
plateau,  flows  through  a  deep  incision  in  its  western  edge,  and  has  cut 
a  small  gorge  2i  miles  east  of  the  Hudson  and  another  at  Troy.  Owing 
to  the  glacial  deposits  and  river  terraces  outcrops  occur  chiefl}-  along 
the  watercourses. 

For  the  general  physiography  of  the  region  the  reader  is  referred 
to  the  writer's  forthcoming  "Taconic  Physiography"  (No.  21,  p.  11). 

AREAIi   GEOIiOGY. 

The  principal  geological  traits  of  the  strip  are  shown  on  the  map  (PI. 
I).  There  is  a  central  longitudinal  Cambrian  belt,  consisting  mainly  of 
shale,  extending  from  the  Washington  County  line  to  Chatham  Cen- 
ter and  beyond,  which  is  from  If  to  11  miles  wide.  This  Cambrian 
belt  includes,  however,  two  outliers  of  upper  Ordovician  age,  one  cov- 
ering about  three-fourths  of  a  square  mile  in  North  Greenbush,  the 
other  about  9  square  miles,  including  Mount  Rafinesque  and  Rice 
Mountain,  and  situated  partly  in  Brunswick,  Pittstown,  Lansingburg, 
and  Schaghticoke.  This  Cambrian  belt  is  bordered  on  the  west  by  the 
upper  Ordovician  shale  and  grit  through  which  the  Hudson  flows,  the 
boundary  between  the  two  formations  being  probably  a  fault.  At 
the  north  the  Cambrian  belt  narrows,  and  is  bordered  on  both  sides 
by  Ordovician  shale  and  grit.  Ordovician  areas  likewise  recur  at 
the  south,  alternating  with  Cambrian  strips,  and  also  in  places  along 
the  foot  of  the  plateau.  South  of  the  plateau  Ordovician  schist,  the 
metamorphic  equivalent  of  the  shale  and  grit,  constitutes  the  Taconic 
Range  and  merges  into  these  at  the  west.  There  are  also  a  number  of 
very  small  areas  of  Beekmantown  shale  (lowest  Ordovician)  overlying 
the  Cambrian.     Finally,  the-Rensselaer  grit,  with  its  interbedded  slate 
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and  shale,  representing  the  hasal  part  of  the  Silurian,  constitutes  the 
plateau,  besides  an  outlying  lenticular  area  of  4i  square  miles  in 
Nassau  and  Chatham,  another  of  half  a  square  mile  near  North  Nassau, 
and  a  much  smaller  area  resting  on  the  Ordovioian  schist  near  Spen- 
certown  in  Austerlitz,  12  miles  south  of  the  plateau. 

Each  of  these  formations  will  now  be  described  in  detail. 

LOWER  CAMBRIAN. 


FOSSIL   LOCALITIES. 

The  map  shows  SO  localities  of  Cambrian  fossils,  all  Lower  Cam- 
brian ( <)len^l>ii  fauna),  according  to  determinations  by  Ford,  Walcott, 
or  Foerst^.  The  fossils  usually  occur  in  small  limestone  beds  in  the 
shale.  In  places  the  limestone  is  made  up  so 
exclusively  of  Olenellim  fragments  as  to  deserve 
the  name  Trilobite  limestone.  In  some  places 
pteropods  are  frequent;  in  others,  hrachiopods. 

Besides  these  there  are  5  localities  whei-e  the 
calcareous  alga  or  nullipore,  Oldhamia  {Murchi- 
sonitfK)  Occident  Wale,  has  been  found.  These 
are  designated  by  a  separate  symbol  on  the  map. 
(See  paper  No.  10.  p.  11.  Mr.  Walcott's  figure 
is  here  reprodutred— fig.  1.)  The  description  of 
the  localities,  sent  to  him  by  the  writer  for  inclu- 
sion in  that  paper  and  therein  published,  is  here  / 
repeated: 

ThefWdfeumta  was  Hrat  found  in  ivddiah  shtUee  aMOctated 
with  Kivenish  etialea  and  beds  of  quartzite,  ranging  from  1 
to  nearly  22  incties  in  thickness,  at  a  Bawmili  dam  midway  /, 

between  Bnrden  Ijihe  and  Nassau  Pond,  in  the  township  ' , 

of  Nassau;  again  in  similar  rocks  about  2  miles  farther  up  L'       ''''"__ J 

the  same  stream  and  IJ  milee  south -southeast  from  the  Fio.  \,—otittamia  {Murrhi-m- 
Bcmth  enil  of  Burden  I,ake.  It  occiire  also  on  the  Moor-  "(■"'""(■'""iWaiwrti).  Aidn- 
dener  Kill,  about  U  miles  northeast  of  Schodack  depot,  in  »'*'""''•  n«"™I"I"^Po* 
the  township  of  Schodack,  and  in  great  abundance  in  the  bnan.  From  thcKorBeofthe 
Korgeof  thePoesten  Kill,  1}  miles  eaxt  ol  Troy,  near  the  Poextt^n  Kill,  2|  mik-n euL ol 
Eagle  Mills  [Millvillc]  road,  along  the  right  bank  of  the  '^^'>-  '^P'*^ "^" ^^-  "'*'■ 
river,  whifh  there  flows  south.  The  (Hdhnmv,  is  here  asso-  *""  ■™l  "■  '»«■  P-  "*.  ««■  •■ 
elated  with  variotis  tisile,  and  ixith  cover  large  surface!  of  the  riH'k. 

Still  another  Oldhamia  locality  is  about  a  mile  east  of  Nassau  village, 
between  two  road  corners,  on  the  north  side  of  the  road.  The  fossil 
will  probably  also  be  found  near  the  South  Schoduck  railroad  crossing 
and  at  many  other  points.  The  locality  near  Troy  is  the  most  accessi- 
ble and  the  most  likely  to  reward  collectors. 

Mr.  Walcott  regarded  this  Oldliamia  as  closely  related  to  the  Old- 
hamia antiqua  of  the  Cambrian  of  Ireland,  but  "the  determination  of 
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the  geologic  horizon"  as  "somewhat  uncei'tain."  His  assignment  of 
the  reddUh  shale  to  "  the  post- Lower  Cambrian  and  pre-Trenton"  was 
based  mainly  upon  the  writer's  interpretation  of  the  stratigraphy  at 
that  time,  when  the  reddish  shale  seemed  to  him  to  overlie  the  Lower 
Cambrian  fossiliferous  limestone.  The  determinatJon  of  the  precise 
position  of  this  reddish  and  greenish  shale  with  beds  of  quartzite  of 
various  thickness  with  reference  to  the  Lower  Cambrian  limestone  is 
attended  with  no  little  difficulty.  The  reddish  color  is  not  a  safe 
guide  in  this  region,  for  such  shale  is  sometimes  associated  with 
black  graptolite  shale  and  is  then  of  Trenton -Hudson  age.  It  i^ 
also  interbedded  with  the  Rensselaer  grit,  and  then  belongs  to  the 
Oneida  and  Medina.     But  in  places  it  also  oct'ui's  below  the  Lower 

SC  am  b  r  i  a  n  fossiliferous 
limestone.  The  strati- 
graphic  reasons  for  finally 
assigning  ,the  Oldhatnia 
shale  to  this  last  position 
will  be  given  under  "Strati- 
graphy." 

The  same  series  of  alter- 
nating red  and  green  shale 
and  small  quartztte  beds  is 
also  marked  by  annelid 
trails  and  casts  of  bifui't^t- 
ing  impressions  which  have 
as  yet  no  chronological  or 
paleontological  i  mpor- 
tance.  Thase  casts  are, 
however,  here  quite  char- 

)k  bedamile  north  r>(  Prwlen-  a^TOTIStlC  OI  thp  SeriCS, 
kill  village.  Kcrtmwn  from  a  phologmph  laktn  hy  l).le  ^hich  also  carries  the  Old- 
and  Foeme.  ,         ,  r>-       r.       -ii 

haiiiiu.     tig.  2  will  serve 

to  convey  an  idea  of  their  general  appearance  and  dimensions.  As 
the  forms  stand  out  in  relief  on  the  quartzite  surfaces  the  impres- 
sions themselves  must  have  been  made  on  the  clay  surfaces  and  then 
filled  with  sand,  which  has  become  quartzite  or  grit.  The  more  impor- 
tant outcrops  of  this  typical  shale  are  indicated  on  the  map. 


Fia.  2.— Fowllca-leot organic  Imprefrtniis  In  qua rtatlelromlhe 


Certain  rocks  of  the  Lower  Cambrian  have  such  marked  character- 
istics as  to  deserve  special  notice.  A  metamorpliic  olive  grit,  usually 
weathering  a  light  brick  red,  crops  out  at  a  few  points,  and  is  also 
typical  of  this  formation  in  Washington  County.  (See  p.  179  of  the 
paper  No.  13,  p.  II,  for  microscopical  de.-icription.)     It  occurs  one-half 
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mile  east  of  Lake  Ida.  in  Troy,  and  also  north  uf  its  eastern  end;  one- 
half  mile  southwetit  of  Wynanttikill;  at  the  niilldam  in  Kaymertown; 
at  Brunswick  Center;  in  Lanaingburif,  at  Oakwood  Cemetery,  on  the 
north  side  of  the  outlet  of  the  pond,  where  it  contains  organic  imprea- 
Hions  and  is  in  contact  with  the  Ordovician  shale;  and  at  a  point  a 
mile  south  of  Grant  Hollow. 

Still  more  characteristic  of  the  Cambrian,  and  of  much  more  fre- 
quent 0(M!urrence,  is  a  calcareous  sandstone  and  an  associated  limestone 
breccia.  (See  pp.  183,  184  of  No.  13,  p.  11,  for  a  description  of  this 
sandstone  as  it  occurs  in  Washington  County.)  This  rock  usually  con- 
sists of  roundish  quartz  grains  held  together  by  a  cement  of  crystalline 
and  granular  calcite  or  of  dolomite.  On  the  weathered  surface  these 
grains  stand  out  in  relief  and  are  slightly  opalescent.  They  are  even 
noticeable  in  the  loose  stones  of  the  rye  Gelds,  and  may  be  taken  as 
an  almost  infallible  indication  of  Cambrian  age.  Associated  with 
these  quartz  grains  is  an  occasional  grain  of  plagioclase.  Pebbles  of 
carbonaceous-siliceous  shale  or  of  chloritic  shale  are  quite  cbaracter- 


Fla.  8.— Sketch  ol  ■  Bpeclmen  oF  calcareous  ■anditoue  vHlll 
smftll  bperelateil  llme«Ioiie  or  rtolomltc  beds,  typical  ol  Iho 
Lower  Cambrlaii  of  ICDiuBelAi^r  ftouuty.  About  ODe-thlrd 
natunil  Hire.  I.ocitllly,  soutb  of  Lake  Arlea,  in  North  Oreen- 
busb.    Prom  Sli(««Ti1b  Ann.  Kept.,  pt.  1.  p.  M9. 

istic  of  this  rock.  There  are  also  oAlitic  calcareous  spherules  from 
0.12  to  0.75  mm.  in  diameter,  which  are  sometimes  ferruginous,  sug- 
gestive of  rhizopods,  and  grains  of  limestone  consisting  of  similar 
spherules.  A  microscopical  drawing  of  the  rock  is  shown  in  PI,  II, 
A  (p.  20). 

This  sandstone  very  often  includes  beds  of  bluish  fossiliferous 
limestone  from  one-half  to  1  inch  thick,  which  are  generally  Breeci- 
ated,  probably  because  of  their  greater  rigidity  under  lateral  com- 
pression than  the  intervening  sandstone.  (See  lig.  3,  which  is  taken 
from  p.  569,  fig.  99,  of  paper  No.  12,  p.  11.)  The  abutments  of  the 
grade  crossing  a  mile  south-.!iouthwcst  of  the  I^ansingburg  reservoir 
arc  built  of  this  material  and  exhibit  welt  its  general  character. 

This  sand»4tonc  is  frequently  associated  with  (either  passing  hori- 
zontally into  or  underlain  at  no  great  interval  by)  a  quartzite  in  which 
the  cement  is  either  very  slightly  calcareous  or  .serieitic.  Both  sand- 
stone and  quartzite  are  apt  to  be  traversed  by  a  network  of  veins  and 
veinlets  of  quartz,  which,  owing  to  the  rapid  weathering  of  the  CaCO, 
of  the  cement,  project  on  its  surface.     This  sandstone  crops  out  in 
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Oakwood  Cemetery  in  Lansingburg,  and  continues  north  northeast  for  a 
jnile  to  a  hillock,  known  locally  as  ''  Diamond  Rock,"  on  account  of  its 
abundance  of  quartz  crystals;  these  occur  in  association  with  such  veins. 

The  more  important  outcrops  of  the  olive  grit  and  of  the  calcareous 
sandstone  and  breccia  are  shown  on  the  map,  PI.  I.  Outcrops  of  the 
latter  at  which  fossils  were  found  are,  however,  designated  simply  em 
fossil  localities. 

A  limestone  conglomerate  deserves  notice.  Two  miles  south  of 
Schodack  Landing  (Coxsackie  quadrangle),  or  7  miles  west-southwest 
from  North  Chatham,  the  Cambrian  shale  and  limestone  form  a  cliff 
about  70  feet  high  (fig.  17,  p.  28).  Near  the  top  is  a  bed  about  10 
feet  thick,  the  lower  part  of  which  is  a  brecciated  limestone,  but 
the  upper  resembles  a  conglomerate;  and  it  looks  as  if  the  brec<;iated 
limestone  had  for  a  while  been  exposed  to  wave  action.  The  peb- 
bles are  limestone  carrying  Lower  Cambrian  fossils,  but  the  cement 
is  shaly.  Some  of  the  pebbles  have  pitted  surfaces.  This  bed  is 
capped  by  a  few  inches  of  coarse-grained  limestone  also  carrying 
Lower  Cambrian  fossils.  At  Ashley  Hill,  a  mile  northeast  of  Riders 
Mills,  in  Chatham,  the  brecciated  Cambrian  limestone  seems  also  to 
pass  into  a  conglomerate,  and  the  pebble-like  nodules  are  likewise 
pitted  from  the  impression  of  the  quartz  grains  of  the  matrix.  This 
pitting  will  be  found  explained  and  illustrated  in  pp.  312,  313,  and  fig. 
24  of  paper  No.  9,  p.  11.  Foerste  tmced  similar  pebbles  in  the  Cam- 
brian shale  at  Troy  to  small  limestone  beds  which  had  undergone  a 
process  of  brecciation,  slip  cleavage,  and  partial  solution.  (See  p. 
669,  fig.  100,  of  paper  No.  12,  p.  11.)  Such  '^pebbles"  might  also  be 
accounted  for  by  a  concretionary  process  taking  place  in  sediments 
which  were  partly  calcareous  and  partly  argillaceous;  or,  finally,  by  a 
slight  crustal  movement  exposing  the  limestone  to  wave  action  during 
a  brief  period  and  then  submerging  it  again.  The  applicability  of 
the  first  two  theories  should  be  carefully  tested  before  resorting  to  an 
explanation  involving  geographical  changes.  It  is,  however,  quite 
possible  that  such  changes  did  occur  here  in  Ijower  Cambrian  time, 
and  ttiat  in  some  localities  there  are  true  conglomerates",  in  others 
autoclastic  ones. 

A  greenish  shale,  occasionally  slightly  reddish  or  blackish,  covers 
a  number  of  square  miles  of  the  Cambrian  area.  In  places  it  under- 
lies and  is  interbedded  with  the  fossiliferous  limestone.  Under  the 
microscope  it  is  a  very  fine-grained  aggregate  of  muscovite  and 
chlorite  scales,  angular  quartz  grains,  rarely  plagioclase  grains,  with 
brownish  dots  which  are  probably  limonite.  The  direction  of  the  bed- 
ding is  shown  by  bands  of  quartz  grains,  but  the  bedding  foliation  is 
crossed  by  an  incipient  slip  cleavage,  so  that  the  muscovite  scales 

aWalcott,  Charles  D.,  Paleozoic  intraformational  conglomerates:  Ball.  Oeol.  8oc.  America,  Tol.  6, 
pp.  191-198,  Pis.  V-VII,  1894. 
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appear  h»  if  arranged  in  two  directioDH,  at  a  large  angle  to  each  other. 
PI.  II,  By  shows  a  microscopical  drawing  of  this  shale.  The  ledge  from 
which  the  specimen  came  has  bedding  planes  striking  N.  5*^  E.  and 
dipping  36^  W.,  crossed  by  a  cleavage  foliation  striking  N.  7^  W  and 
dipping  70^  E.,  besides  vertical  joints  striking  N.  70^  E.  In  conse- 
quence of  these  three  systems  of  partings  the  rock  weathers  into  stick- 
like fragments,  and  this  mode  of  weathering  is  very  common  in  this 
shale.  The  economic  importance  of  this  will  be  shown  under  ^^  Eco- 
nomic geology.'^  The  microscopical  composition  and  structure  of  this 
shale  indicate  that  it  would  probably  not  have  required  a  vastly 
increased  amount  of  compression  to  transform  it  into  schist. 

This  shale  is  very  frequently  interbedded  with  quartzose  beds,  weath- 
ering rusty-brown,  from  one-half  inch  to  2  inches  thick.  Th«38e  little 
beds,  when  examined  microscopically,  prove  to  range  from  an  almost 
pure  quartzite  to  a  dolomitic  quartz  grit.  With  the  quartz  grains, 
which  are  generally  angular,  are  always  a  few  of  plagioclase  and  of 
zircon,  and  sometimes  scales  of  muscovite  and  of  chlorite  and  grains  of 
tourmaline.  The  cement  varies  in  quantity  and  in  material,  being 
sometimes  purely  siliceous,  or  partly  siliceous  and  partly  calcareous  or 
sericitic,  and  sometimes  entirely  dolomitic.  There  are  also  black  par- 
ticles, probably  graphite,  and  there  is  limonite  staining  from  the 
decomposition  of  pyrite  or  carbonate.  A  typical  section  of  the  more 
gritty  beds  is  shown  in  PI.  II,  C, 

There  remain  to  be  described  certain  greenish  coarse  and  fine 
quartzite  beds  interbedded  with  the  red  and  green  shale  bearing  Old- 
tuimia  occiden9.  These  differ  little  from  those  just  described  except 
in  the  occasional  abundance  of  chlorite  or  chlorite-schist  areas  or  frag- 
ments. Belonging  to  the  same  series  are  beds  of  massive  quartzite, 
from  8  to  60  feet  thick,  of  similar  character,  but  including  here  and 
there  small  beds  of  quartz  conglomerate,  in  which  the  pebbles  measure 
up  to  one-fourth  and  even  one-half  inch  in  diameter,  and  occasionally 
a  pebble  of  dark-greenish  slate. 

The  reddish  shale  associated  with  all  these  quartzite  beds  varies  much 
in  the  amount  of  its  hematite  and,  therefore,  in  the  intensity  of  its 
color.  In  the  gorge  of  the  Poesten  Kill,  a  little  east  of  Troy,  and  also 
in  other  places,  the  color  is  purplish.  In  the  hill  mass  west  of  Burden 
Lake  the  red  is  deep.  The  green  shales  owe  their  color  to  chlorite, 
the  purplish  ones  probably  to  chlorite  and  hematite,  and  the  blackish 
ones,  naturally,  to  carbon. 

STRATIGRAPHY. 

The  paleontological  evidence  as  to  the  age  of  these  beds  having  been 
given,  and  their  petrographical  features  shown,  they  will  now  be  exam- 
ined stratigraphically.    At  the  outset,  however,  it  must  be  stated  that 
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it  iH  impossible  to  determine  their  total  thickness^  because  tbey  oonsiat 
so  largely  of  closely  folded  and  easily  weathering  shale  and  because 
there  are  so  few  deep  cuts  across  them.  When  a  bed  of  quartzite  disap- 
pears beneath  the  shale,  there  are  no  m^ns  of  identifying  it  and  fixing 
its  position  in  a  series  which  includes  several  such  beds.  A  number 
of  detail  sections  of  the  Cambrian  beds  follow,  which  will  afterwards 
be  generalized  in  tabular  form.  Their  relations  to  the  Cambrian  series 
of  Washington  County,  N.  Y.,  and  of  the  Green  Mountain  range,  in 
Massachusetts  and  Vermont,  are  shown  in  the  table  on  page  43  and  are 
discussed  on  page  50. 

About  a  half  mile  northwest  of  East  Nassau  the  Eanderhook  turns  at 
a  right  angle  to  flow  south  between  two  steep  hills.  The  eastern  hill 
consists  of  Rensselaer  grit,  but  the  western  one  of  thick  beds  of  quartz- 
ite and  thin-bedded  red  and  greenish  shale,  which,  for  reasons  to  be 
•given,  are  all  regarded  as  being  Lower  Cambrian.  Fig.  4  represents  a 
diagrammatic  cross  section  of  this  hill.     It  shows  two  thick  beds  of 


funderhooh  Creek 


Fio.  4.— Diagram  section  of  flret  ridge  west  of  Kinderhook  Creek  and  Snake  Hill,  in  NajHau. 
Dotted  beds,  quartzite;  lined  beds,  shale.  Height,  about  200  feet.  Qnartdte,  about 80  feet 
thick. 

quartzite  and  two  masses  of  shale.  The  lowest  of  these  shale  beds  is 
red,  and  the  upper  contains  small  beds  of  quartzite.  This  same  series 
recurs  2  miles  north-northeast  along  the  strike,  making  up  the  ridge 
on  the  east  side  of  Tackawasick  Pond,  which  continues  2  miles  north 
to  Hoag  Corners.  The  structure  of  this  ridge  is  complex.  At  the 
extreme  north  it  consists  of  a  simple  syncline  of  massive  quartzite 
underlain  by  red  shale,  as  shown  in  fig.  5  (p.  21).  About  a  half  mile  south 
a  small  anticline  of  the  same  rocks  appears  east  of  this  syncline,  and 
within  another  half  mile  another  syncline  is  added  east  of  that  anti- 
cline. Combining  the  observations  made  at  all  points  the  structure  of 
the  whole  ridge  appears  to  be  approximately  as  shown  in  fig.  6  (p.  21), 
and  thus,  like  that  shown  in  fig.  4,  consists  of  two  thick  quartzite  beds 
separated  by  red  shale,  and  the  lower  quartzite  also  underlain  by  red 
shale.  There  is  considerable  variation  in  the  thickness  of  the  quartz- 
ite; the  bed  sometimes  divides  into  smaller  ones,  and  these  unite  again 
farther  on.  The  folds  b^rQ  hftve  a  marked  northerly  pitch  and  hs*ve 
beeu  grwtly  eroded^ 
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PLATE  11. 

MICROSCOPICAL  SECTIONS  OF  TYPICAL  ROCKS. 

A.  Microscopical  drawing  of  two  thin  sections  of  calcareous  sandstone  typical  of  the 
Lower  Cambrian  of  Rensselaer  County,  showing  roundish  quartz  grains  (unshaded), 
grains  of  concretionary  limestone  containing  quartz  grains,  grains  of  granular  lime- 
stone or  dolomite  (finely  dotted),  large  ferruginous  concretions,  and  a  small  grain  of 
plagioclase,  all  in  a  matrix  of  crystalline  calcite  with  some  large  plates  of  i^lcite. 

B.  Microscopical  drawing  of  thin  section  of  greenish  shale  typical  of  the  Lower 
Cambrian  of  Rensselaer  County,  from  near  Nassau  village.  The  section  crosses  three 
minute  beds,  two  of  which  are  made  up  lai^ly  of  quartz  grains  (unshaded  particles). 
Direction  of  bedding  shown  by  arrow.  The  position  of  some  of  the  muscovite  and 
chlorite  scales  ( black  particles )  shows  an  incipient  cleavage.  Two  grains  of  plagioclase 
(banded). 

C.  Microscopical  drawing  of  a  thin  section  of  a  small  gritty  bed  typical  of  the  Lower 
Cambrian  shale  of  Rensselaer  County,  from  one-fourth  mile  north  of  Lake  Ida,  in 
Troy,  showing  angular  quartz  grains  (unshaded),  three  plagioclase  grains,  and  two 
zircon  grains,  in  a  matrix  mainly  of  sericite. 

D.  Microscopical  drawing  of  a  thin  section  of  grit  typical  of  the  Hudson  formation  of 
Rensselaer  County,  from  1^  miles  south  of  Grandview  Hill,  in  Greenbush,  showing 
angular  quartz  grains  (unshaded),  grains  of  plagioclase  and  orthoclase,  two  grains  of 
zircon  (lower  left  comer),  one  large  grain  of  quartzite,  presumably  of  Cambrian 
origin,  and  some  carbonaceous  matter  (black),  all  in  a  matrix  of  fine  argillaceous 
material  with  considerable  calcite  (finely  dotted  areas). 

E.  Microscopical  drawing  of  a  thin  section  of  Silurian  grit  typical  of  the  Rensselaer 
grit,  from  the  western  edge  of  the  plateau,  showing  large  and  small  angular  grains 
of  quartz  (unshaded),  four  grains  of  plagioclase,  one  grain  of  microcline,  one  of 
orthoclase,  and  several  grains  of  ilmenite  (?),  all  in  a  matrix  of  sericite  and  chlorite. 
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The  north-south   hollow  through  Mh\ch  runs  the  road  from   East 
NasMau  to  Hoag  Corners  separates  this  last  tldge  from  another  east  of 


w 


Fia.  5.^Dia«Tam  flection  of  ridge  southweiit  of  Hoilg  CornerSf  in  Namau.    Dotted  beds,  quaitfe- 
«      ite;  lined  beds,  reddish  shale  oontaining  small  bedi  of  quartsite  with  easts  of  organic  impres* 
sions,  etc. 

it.     Upon  this  is  situated  the  Coonradt  farm.     This  ridge  is  separated 
from  the  edge  of  the  Rensselaer  Plateau  by  still  another  hollow. 


Fio.  fi.— Diagram  section  showing  the  general  structure  of  the  ridge  between  Tackawadck 
Creek  and  Pond  and  the  Rensselaer  Plateau,  in  Nassau.  Dotted  beds,  qnartssite;  lined  beds, 
shale.    Height,  about  200  feet. 

This  ridge  also  consists  of  two  thick  beds  of  quartzite,  each  of  which  is 
lK>th  underlain  and  overlain  by  red  and  green  shale  with  small  quartz- 


w 


Pig.  7.— Diagtam  section  across  the  western  edge  of  the  Rensselaer  Plateau  and  the  second 
ridge  ea.<^t  of  Tackawasick  Pond,  in  Na.*«au,  showing  the  surface  relations  and  the  probable 
structural  relations  of  the  Lower  Cambrian  qnartsite  and  shale  (€1),  the  Hudson  limestone 
and  shale  (Oh),  and  the  Silurian  Rensselaer  grit  (8r).  Dotted  beds(Cl),  quartzite;  lined 
bedf.  red  and  green  shale  with  small  quartzite  beds  with  organic  impressions.  Height  of 
WMtem  ridge,  90  feet. 

ite  beds  having  casts  of  organic  impressions.  (See  fig.  7. )  The  section 
has  been  extended  eastward  across  a  small  hillock  in  the  adjoining 
hollow  to  the  edge  of  the  plateau. 
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A  similar  series  is  also  exposed  on  Curtis  Mountain,  better  known 
locally  as  Dusenbery  Ridge.  This  can  best  be  observed  by  ascend- 
ing the  mountain  from  the  saddle  between  two  road  forks  a  half  mile 
south  of  the  western  part  of  Tackawasick  Pond.  There  is  first  a  40-foot 
bed  of  quartzite  dipping  steeply  west  and  90^,  with  red  shale  under 
it  on  the  east,  followed  on  the  west  by  50  to  70  feet  of  reddish  shale 
with  small  quartzites  with  similar  dip;  then,  at  the  head  of  a  ravine 
there  is  a  ledge,  several  hundred  feet  long,  of  reddish  and  green  shale 
with  small  quartzites  capped  by  another  bed  of  quartzite,  15  feet  thick, 
with  a  low  westerly  dip.  Higher  up,  after  an  interval,  comes  greenish 
shale  with  steep  westerly  dip,  recurring  at  the  summit,  where  it  forms 
an  open  syncline  capped  by  a  slightly  calcareous  quartzite  bed,  10  feet 
thick,  with  a  gentle  southerly  pitch.  Now,  descending  the  ridge  on 
the  west,  there  is  a  large  body  of  greenish  shale  with  easterly  dip, 
followed,  near  the  road  which  skirts  the  crest  on  the  west,  by  a  bed  of 
quartzite,  about  40  feet  thick,  dipping  45^' E.,  underlain  by  shale 
and  small  quartzites.  Within  80  feet  of  the  road  is  still  another  bed 
of  quartzite,  nearly  10  feet  thick,  with  like  dip;  and  west  of  that  road 
in  a  brook  (a  mile  southwest  of  Tackawasick  Pond)  is  the  typical  red 
shale  with  small  quartzites  dipping  45^  £.  and  80  feet  thick.  These 
two  beds  of  quartzite  with  the  alternating  shale  can  be  traced  li 
miles  north  along  the  crest  of  Curtis  Mountain.  A  similar  series  with 
like  dip,  evidently  belonging  to  the  western  part  of  the  same  syncline, 
crops  out  li  miles  south  of  this  last  locality,  between  a  small  brook 
crossing  the  road  to  Nassau  about  8  miles  east-southeast  of  that 
village,  and  a  corner  east  of  it  where  three  roads  meet.  Here  an  upper 
quartzite,  20  to  25  feet  thick,  dipping  from  45°  to  50°  E.,  is  under- 
lain by  30  to  40  feet  of  red  and  gre«n  shale  with  small  quartzites, 
and  these  again  by  another  bed  of  quartzite  8  to  20  feet  thick.  The 
same  series,  but  on  the  eastern  side  of  the  syncline,  is  again  exposed 
on  the  east  side  of  Curtis  Mountain  a  mile  south  of  the  section.  Un- 
fortunately the  relations  are  obscured  there  by  overturning  and  by 
the  coming  in  of  other  folds.  The  general  structure  of  the  Curtis 
Mountain  syncline  is  shown  in  tig.  8. 

Ashley  Hill,  in  Chatham,  between  Riders  Mills  and  Brainard,  lies  in 
the  direction  of  the  strike  of  the  svncline  on  Curtis  Mountain.  The 
relations  there,  however,  become  perplexing,  owing  either  to  faulting  or 
to  the  syncline  being  close  and  followed  on  both  the  east  and  the  west  by 
anticlines.  Indications  of  an  anticline  in  the  southern  part  of  Curtis 
Mountain,  east  of  the  syncline,  have  just  been  pointed  out.  There  is  a 
bench  west  of  the  crest  of  Ashley  Hill  with  a  fine  exposure  of  lime- 
stone breccia  and  conglomerate,  about  20  feet  thick  and  one-fourth  mile 
long,  with  the  fauna  of  the  Oleiiellus  zone.^    This  breccia  is  associated 

a  See,  for  petrography,  p.  15,  and  also  pp.  812-814  and  map,  PI.  XCVU,  of  paper  No.  9,  p.  11. 
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with  grayish  and  black  shale.  At  the  western  edge  of  the  bench  is  the 
typical  calcareous  sandstone  with  a  westerly  dip,  while  east  of  the 
fossiliferous  belt  is  a  noncalcareous  quartzite,  probably  of  the  same 
horizon.  In  following  the  strike  of  the  fossiliferous  beds  northward, 
down  along  the  ravine  to  the  Kinderhook,  the  breccia  disappears,  but 
the  associated  black  and  gray  shale  crops  out  occasionally.  The  cal- 
careous quartzite  occurs  on  both  sides  of  the  ravine,  with  a  dip  vary- 
ing according  to  the  overturn  of  the  syncline  or  as  the  axis  of  either 
adjacent  anticline  is  crossed.  This  quartzite  recurs  li  miles  north- 
northeast  of  Ashley  Hill,  along  the  east-west  road  on  the  north  side  of 
the  Kinderhook,  and  appears  to  be  the  same  rock  as  that  capping  the 
southward-pitching  syncline  at  the  top  of  Curtis  Mountain,  2i  miles 
north-northeast  of  Ashley  Hill,  from  which  the  fossiliferous  limestone 
would  thus  appear  to  have  been  eroded.  In  the  northern  part  of  the 
bench  on  Ashley  Hill  the  calcareous  quartzite  is  underlain  on  the  east 
by  a  mass  of  grayish  shale,  and  this  by  a  bed  of  massive  quartzite,  45  feet 


FiQ.  8.— Diagram  section  acrofis  the  southern  part  of  Curtis  Mountain  (Dusenbery  Ridge),  in 
Nassau,  showing  the  relation  of  the  two  thick  quartzite  beds  and  the  red  and  green  shale 
with  small  quartzite  beds  to  the  calcareous  quartzite  syncline  at  the  top.  Height,  about 
400  feet 

thick,  dipping  70^  W.  Farther  south,  owing  probably  to  an  over- 
turn, the  dip  changes  to  55^  E.,  and  the  gray  shale  there  apparently 
underlies  the  massive  quartzite.  Still  farther  south  is  a  small  outcrop 
of  noncalcareous  granular  quartzite,  already  referred  to  and  regarded 
as  the  continuation  of  the  calcareous  quartzite,  and  lying  east  of  the 
fossiliferous  bed.  £ast  of  this  is  a  space  of  550  feet  of  the  typical 
red  shale  and  small  quartzites,  with  the  usual  casts;  480  feet  of  these 
dip  steeply  east,  but  the  last  70  feet  are  greatly  contorted  and  have 
folds  pitching  60^  S.« 

East  of  these  are  about  150  feet  of  green  shale,  then  the  massive 
quartzite,  40  feet  thick,  dipping  65^-70^  E.,  and  forming  the  crest  of 
the  hill.  About  300  feet  farther  east  is  another  thick  bed  of  quartz- 
ite, dipping  25^  £.  The  gist  of  all  these  data  is  that  there  is  here  a 
bed  of  calcareous  quartzite  underlain  by  shale,  and  this  by  two  beds 
of  massive  greenish  quartzite  with  intervening  thicknesses  of  shale,  or 
by  one  bed  of  quartzite  doubled  in  an  anticline,  the  whole  closely 


a  See  p.  56S2  and  fig.  75  of  paper  No.  12,  p.  11. 
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resembling  the  series  on  Curtis  Mountain,  but  here  overlain  by  the 
fossiliferous  limestone  breccia  and  conglomerate.  The  general  structure 
of  Ashley  Hill  thus,  appears  to  be  that  shown  in  fig.  9.  That  there 
is  a  sy  ncline  on  the  western  side  of  the  hill  is  shown  by  the  easterly  dip 
of  a  bed  of  quartzite,  8  feet  thick,  along  the  highway  a  half  mile  west 
of  the  top. 

About  a  mile  south  of  Ashley  Hill  and  three-tenths  of  a  mile  west 
of  Rayville  station,  in  Chatham,  is  another  important  locality.     Its 
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Fio.  9.— Diagmm  section  across  Ashley  Hill,  northeast  of  Riders  Mills,  in  Chatham,  Columbia 
County,  Hhowingr  the  relation  of  the  upper  mamive  quarts! to  bed  and  the  red  shale  with 
small  quartsite  beds  to  the  calcareous  quartzite  (2)  and  the  fossiliferous  Lower  Cambrian 
limestone  breccia  (61). 

stratigraphy  is  shown  in  fig.  10.  Here  are  two  small  synclinal  hillocks 
separated  by  an  anticlinal  hollow.  The  fossiliferous  Lower  Cambrian 
limestone,  about  100  feet  thick,  is  underlain  by  gray  and  red  shale 
with  small  quartzite  beds.     The  eastern  sy  ncline  has  a  5-foot  bed  of 

€1 


FiQ.  10.— Diagram  section  across  the  hillock  a  mile  south  of  Ashley  Hill,  in  Chatham,  Colum- 
bia County,  showing  the  relation  of  the  quartzite  (dotted  bed)  and  of  the  red  shale  (R)  and 
green  shale  (O)  to  the  fossiliferous  Lower  Cambrian  limestone  (61).    Height,  60  feet. 

brecciated  limestone  below  the  red  shale,  and  this  is  underlain  by 
gray  shale  with  quartzite  beds  from  one-half  inch  to  2  inches  thick. 
West  of  these  hillocks  is  a  bed  of  calcareous  sandstone  dipping 
toward  and  probably  under  them.  This  tends  to  corroborate  the  inter- 
pi*etation  of  the  stinicture  of  Ashley  Hill  as  to  the  relations  of  the  sand- 
stone to  the  fossiliferous  beds. 

At  a  small  limestone  quarr}"^  in  E^st  Greenbush,  2  miles  south-south- 
west of  Lake  Aries  and  2  miles  southwest  of  West  Sandlake,  a  mass  of 
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Lower  Cambrian  bluish  limestone  or  dolomite  and  calcareous  quartz- 
sandstone,  interbedded  with  dark-gra}'  shale,  and  a  mass  of  gveiy 
shale  in  contact  with  it  on  the  east,  all  dip  steepl}'  west;  and  200  feet 
west  another  outcrop  of  the  same  limestone  dips  east,  and  there  is 
also  easterly  dipping  shale  south  of  it.  These  outcrops,  taken  alto- 
gether, indicate  the  structure  shown  in  fig.  11.  Among  the  limestone 
strata  are  large  disk-shaped,  veined  concretions  (septaria).  Similar 
Cambrian  beds  in  Nassau  contain  plano-convex  concretions  which  are 

100  feet 


Fio.  11. — DUmrram  iiection  2  miles  iiouthwest  of  Went  Saiidlakf,  in  Eattt  Greenbush.  showing 
the  relation  of  the  Lower  Cambrian  limestone  (61)  and  {nay  Hhale. 

not  veined.  See  paper  No.  17,  p.  11.  The  eastern  limb  of  this  sy  ncline 
is  again  exposed  alK)ut  800  feet  south,  but  there  with  an  easterly  dip. 
At  a  small  quarry  about  IJ  miles  west  of  Lake  Aries,  on  the  south 
side  of  the  road  which  follows  the  north  side  of  the  lake,  the  calcare- 
ous sandstone  and  limestone  breccia,  with  the  OlenelliiH  fauna,  is  in 
contact  on  the  west  with  greenish  shales  for  one-fourth  of  a  mile  along 
the  strike.  That  this  shale  here  overlies  the  limestone  seems  prob- 
able from  the  presence  of  a  small  anticline  in  the  limestone  along  the 
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Fig.  12.— Diaerrnm  section  2  mlleM  east  of  DefrecstvUle,  in  North  Oreenbuah,  showinR  two 
interpretations  of  the  relations  of  the  greenish  shale  to  the  Lower  Cambrian  fossiliferous 
limestone  (€1), 

road,  as  well  as  from  the  almost  horizontal  dip  of  the  limestone  on  the 
east  side  of  the  knoll.  About  200  feet  east  of  the  quarry  the  shale 
crops  out  again,  dipping  east  under  beds  of  calcareous  sandstone.  The 
lower  part  of  this  shale  has  small  quartzite  beds  with  casts  of  organic 
impressions  (fig.  12).  The  evidence  as  to  the  relations  here  is  not  con- 
clusive. The  figure  shows  two  hypotheses:  According  to  I  the  sand- 
stone would  underlie  both  masses  of  shale,  but  according  to  II  it  would 
overlie  the  shale  with  quartzites  and  underlie  that  at  the  west  without 
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quartzites.    There  in  alsoa  thii-d  possibility — that  there  ik  no  repetition 
of  hetls,  hut  two  calcareous  and  two  xhah'  l>eds. 

Foorrtte  found  that  the  Cainhrian  fosRiIiferoiis  l>edN  ea>tt  of  Tioy, 


betwten  the  200-  aod  the  400-foot  levels,  constitute  two  syncliDes  and 
two  aiitidini'.s,  underlaiii  l>y  rwldish  and  greenish  nhale  and  separated 
from  the  Oixloviciau  boda  by  the  overthrust,  as  whowij  in  fijj.  13,     He 


A  few  feat 
10-20fis« 


Fw.  11.— Columnar  eeotlon  br  Foereti;,  showlnK  the  Lower  Cimbriati  rcrtrm  ei- 
poHMt  at  Tiuv.  A.riHlnnilRn^eii  Bhale,  In  iilnre'wllh  email  qiwniltvbitlB.  B. 
light -blue  dolomUIr  llmeMinu'lnirri'iilaled  a-ilitie  Inyi'm  ami  wmtillmex  funnlii); 
"bn-rclHlion  |>cI)1i1i-h"  lii  llie  fhnle.  (:.  shale  with  or  wlihuui  llinniione  liede. 
D  nnil  E,  quani  nnnilstnne  ninruorlc«ral«reoUH,smDi'liini,>ereplaru<1  byHHndy 


'  alt»o  gives  the  following  section,  fig.  14,  aw  rppre--ienting  the  Cambrian 
series  of  tliat  vicinity. 

If  the  (Jaiuhrian  Ix'ils  !«■  followt-d  iiorthwaixi,  a  different  scries  is 
found.     From  Oakwood  ('i'mpt<'ry  t<i  tl»'  vicinity  of  -Melrono  the  olive 
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grit,  already  referred  to  under  "Petrogmphy,"  ci'ops  out  occasionally 
between  the  Ordovician  shale  and  the  Lower  Cambrian  sandstone,  giv- 
ing a  «jros»  section  approximately  like  that  shown  in  fig.  15.  This 
olive  grit  o(;curs  also  at  Kaymertown  associated  with  the  same  sand- 
stone.    Its  exposures  near  Lake  Ida  at  Troy  would  bring  it,  by  over- 


w 


—  ^ 


Flu.  15  — Diagram  nection  nenr  Speiffletown  in  lAnningburg,  Hliowing  the  general  rela- 
donH  of  the  olive  grit  (Q)  to  the  I>ower  (Cambrian  Nand^tone  ('«!)  and  the  HudHon  nhale 
(Oh). 

turned  folding,  under  the  red  and  green  shale  with  annelid  trails 
and  Oldhavim^  which  in  turn  underlies  the  fossiliferous  Cambrian 
limestone. 

The  following  section,  fig.  16,  embodies  the  writer's  observations  at 
and  below  the  dam  in  the  Poesten  Kill  at  Troy.     Here  reddish,  purplish, 

W  F 


Fio.  16.— Diagram  section  acrom  the  dam  in  the  Poesten  Kill  at  Troy,  showing  the  relation 
of  the  Hudmn  shale  (Oh)  to  the  Lowfr  Cambrian  red.  purph*.  and  green  shale  (1)  and  the 
relation  of  these  to  the  Handstone  bed  with  Hyolithes  and  Hyolithellus  (2).    Height,  lOOfeet. 

and  greenish  shale  underlies  a  sandstone  bed  carr^nng  the  Olendhis 
fauna,  as  deteniiined  by  Mr.  Walcott.  This  colored  shale  with  trails 
closely  resembles  that  occurring  about  2  miles  northeast  of  this 
locality,  which  carries  Oldham  la. 

To  these  sections  should  be  added  one  at  the  well-known  localitv  2 
miles  south  of  Schodack  Landing,  i.  e.,  7  miles  west-southwest  from 
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North  Chnthani,  desoriliccl  liy  Ford  (see  paper  No.  4,  p.  10),.ttM  it  throws 
much  lifi^ht  on  the  thicktiosit  and  order  of  the  Lower  Cambrian  bedH. 
(See  tig.  17.)  The  section  combines  the  observations  at  the  clloB,  where 
the  thrust  plane  iw  iiotexposed,  with  thwe  made  athird  of  a  ttille  north, 
where,  however,  the  beds  dip  more  steeply,  the  Camliriail  50^  fttid  the 
Ordovician  55'^  The  dip  of  the  beds  in  the  figure  is  takiih  from  the 
cliffs. 

These  sections  will  serve  to  convey  a  general  idea  of  the  UiLitilvrian 
stratigraphy  in  this  region.  Its  main  features  consist  of  ft  mitlcA  of 
fossiliferoua  limestone  beds,  alternating  with  shale  and  sandstone,  and 
carrying  the  OhnMus  fauna,  underlain  by  gray,  red,  or  burjile  and 
green  shale,  as  shown  in  figs.  11, 1-1,  and  17.  On  Ashley  Hill  (fig.  ») 
this  shale  is  underlain  by  a  calcareous  quartzite,  and  also  hear  Itay- 


Fio.  IT.— biagram  wction  abdWlDg  the  relstlon  o(  llif  Uiwer  ('ainbrliin  lEnr«linie 
(B.  C,  III  and  Khale  |A)  lo  Ihe  Iluduiii  nhate  (Oh)  aa  cxpowil  at  tw  >  h>calltln 
near  Schodnck  L«nil[iiK  In  Ketinclaer  Countr.  B.  bfdded  Uine>Uine  and  nodaUr 
limealone  In  siiale  (fXmfUm  fnuna).  C.  Congloiaemle  with  a  brecclated  limr- 
■lone  Riralum  bulow  ii.  The  pcblilc  bavu  QleneHut  iBiina,  I>.  Coan^frnincd 
llmeelonc  bod  wllb  Oleneav.i  fauna. 

ville  station  (fig.  lU).  North  of  Troy  this  shale  Lh  underlain  liy  an 
olive  grit  with  or  without  the  intervening  quartzite.  On  Curtis  M<mn- 
tain  (fig.  S)  the  ctiicareous  quartzite  i^  underlain  ity  three  horizons  of 
shale,  alternating  with  two  of  quartzite.  These  appear  again  in  the 
ridge  south  of  Tackawasick  Pond  (fig.  4)  and  in  that  east  of  it  (figs.  5 
and  (>).  The  red,  purple,  and  green  shale,  which  underlies  the  fossilif- 
crous  limestone  at  Troy  (fig.  16)  probably  belongs  to  the  same  horizon 
aa  that  which  a  miles  east  of  that  city  carries  the  Oldluimia.  The 
red  and  green  shale  with  ca^ts  and  (Hdhumia,  in  Nassau,  Is  petro- 
graphically  identical  with  that  whieh  is  interbedded  with  the  two 
massive  quartaite  beds  (figs.  4,  5,  6,  7,  8,  and  9). 

All  the  data  in  sections  4  to  17  are  combined  in  the  following  table, 
to  which  estimattis  of  thickness,  based  u^Kin  measurements  at  various 
localities,  have  been  added,  as  well  as  references  to  the  figures. 
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Table  showing  the  Ixuver  Cambrian  series  as  exposed  iri  Rensselaer  County  and  pari  of 

Columbia  County^  N.  Y. 


Serial 
letter. 


J 
I 


O 
F 
E 

D 
C 

B 
A 


Evidence, 


DeocripUcm  of  HtratH. 


Fiifure. 


(ireeniiih  shale. 


FHuna. 


.1  EytimHted 
I  thickness. 


12? 

9,  10,  11,1-2,13,14,17. 


Thin-bedded  limestone,  or  dolorof tic 
limestone,  in  varying  altefYiMlonM 
with  black  or  greenUh  nhalv  and 
calcareous  quartz  Handatune.  Bome 
of  the  limestone  beds  brecciAtMl 
vfithln  the  sandstone  or  shale  and 
forming  brecoiation  pebbles,  in  \ 
places,  nowover.  beach  pebbles. 

Greenish,   reddish,   purplish    shale,  '  10,  11, 13, 14, 16.  17.. 

in  places  with  small  beds  of  more 

or  less  calcareous  quartzite. 
At  Troy,  in  upper  part  a  2Hoot  bed 
icareous  san 


Olmetltu  fauna 


t  Troy, 
of  cafe 


part  a  S 
lastone. 


(Mdfuimia,    annelid 
trails. 

HvolUhet  and  Jipo- 
Ulhellus. 


Qranular  quartzite,  in  places  a  calca-     H,  9.  10 . 
reous  sandstone. 


Olive    grrit,    metamorphlc,    usually 
ith. 


16.... 
7.8,9 


weathering  reddish :  abttent  at  soul 

Greenish,  or  reddish  and  greenish, 
shale  with  small  quartzite  or  grit 
beds. 

I 

Massive  greenish  quartzite,  in  places    4,  6,  7,  H.  9 
very  coarse.  i 

Reddish  and   greenish  shale  with  {  4,  5,  6,  7,  8 
small  beds  of  quartzite  or  grit  (rarely 
up  to  5  feet  thick). 

Maffiive  greenish  quartzite,  in  places    4,  5.  6.  7,  8 
very  coarse.  [ 

Reddish  and    greenish  shale  with    4,  5,  6,  7,  8 
small  beds  of  quartzite  or  grit,  from 
1  to  12  and,  rarely,  24  inches  thick. 

I 


Traces  of  ? 


Casts  of  impressions, 
Oldhamia.b 


CastA  of  impressions, 
(Hdhamia. 


Castsof  impressions, 
Oldkamia. 


Fttt. 

SO 

'120-200 


25  ?-100+ 


10-40 

18-60 

G&-635 

10-M 
30-80 

8-40 
50-80 


a  Usually  M.  b  Oldhamia  occurs  in  A,  C,  or  E,  and  quite  possibly  in  all  three. 

Minimum,  286.     Maximum,  1,225-f-. 


AREAL   AND  STRUCTtTRAL  RELATIONS. 

The  greenish  and  reddish  shale  which  makes  up  the  greater  part  of 
the  Cambrian  area  belongs  to  the  several  shale  horizons  A,  C,  E,  H,  I, 
and  J.  The  shales  of  these  horizons  can  be  distinguished  only  where 
they  come  in  contact  with  either  the  fossiliferous  limestone  or  the 
two  beds  of  massive  quartzite.  As  some  areas  of  Beekmantown  shale 
may  yet  be  found,  here  and  there,  within  the  Lower  Cambrian  area,  the 
age  designation  of  that  area  on  the  map  should  not  be  strictly  inter- 
preted. The  finest  exposures  of  the  reddish  and  greenish  shale  with 
small  quartzites  having  organic  impressions  (horizons  A,  C,  E),  which 
either  carry  Oldhamia  or  are  likely  to  do  so,  are  in  the  eastern  half  of 
the  Cambrian  area  as  indicated  on  the  map.  Most  of  the  exposures 
of  the  massive  quartzite  of  horizons  B  and  D  are  in  the  township  of 
Nassau. 

There  is  a  considerable  area  of  the  greenish  shale  with  small 
quartzite  and  small  limestone  beds,  extending  from  a  point  2  miles 
oortbeaet  of  Melro§e,  on  the  west,  to  Tomhannock  and  Valley  Falls 
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on  the  eaat,  and  north  to  the  Washington  County  line  and  beyond, 
which  is  regarded  as  belonging  to  the  Cambrian.  Mr.  Ruedemanii's 
Upper  Cambrian  fossil  locality  at  Schaghticoke  (paper  No.  20,  p.  11), 
for  reasons  given  on  page  31,  is  regarded  as  being  in  an  outlier  of 
Beekmantown. 

As  the  Middle  Cambrian  is  absent  and  the  Upper  Cambrian  essen- 
tially so,  the  Lower  Cambrian  is  here  unconformably  related  to  all  the 
formations  which  adjoin  it  as  well  as  to  the  outliers  which  rest  upon 
it.  On  the  west  it  appears  to  be  thrust  over  onto  the  Hudson  by  a 
fault  which  is  clearly  present  near  Schodack  Landing  on  the  south 
and  at  Bald  Mountain,  in  Greenwich,  on  the  north,  but  which  may  be 
inconsiderable  here,  and,  in  places,  disappear  altogether,  being  simply 
an  unconformity  and  an  overturned  fold.  The  observed  relations  of  the 
Lower  Cambrian  to  the  Hudson  have  been  shown  in  figs.  13, 15, 16,  and 
17,  and  they  will  be  further  considered  in  the  studj'^  of  that  formation. 
Its  relations  at  one  point  to  the  Rensselaer  grit  are  shown  in  fig.  7, 
and  will  also  be  further  descril>ed  under  that  heading.  Its  relation  to 
the  Beekmantown  will  be  considered  more  fully  under  the  next  heading. 

BEEKMANTOWN  SHALE. 
FOSSIL   LOCALITIES. 

Mr.  Prindle  found  some  gmptolites  in  very  small  grayish  arenaceous 
layers,  interbedded  with  small  layers  of  finely  banded  quartzite,  crop- 
ping out  on  either  side  of  the  road  running  from  West  Sandlake  to 
Defreestville,  about  a  mile  southwest  of  Lake  Aries,  in  North  Green- 
bush,  and  again  in  similar  rock  at  a  point  about  2^  miles  north-north- 
east of  the  first  locality  and  a  mile  south  of  Wynantskill,  in  the  same 
tow^n.  Thes0  were  referred  to  Mr.  Charles  Schuchert,  who  identified 
them  provisionally  as  Graptolithm  q^tadribrachiatus  (Hall),  O,  bry- 
onides  (Hall),  G.  hijidijis  (Hall),  Chnogt^aptu^  jlexilis  {WiiW)^  C  near 
mlUri  (Hall),  Dictymiema  rnuiTay!  (Hall),  />.  near  irragul^ire  (Hall), 
and  pronounced  them  "faunally  much  like  the  Quebec  (Levis)  grap- 
tolite  zone."  Mr.  Prindle  soon  afterwards  found  similar  rocks  with 
similar  graptolites  at  a  point  a  mile  southwest  of  Wynantskill,  and 
again  at  another  point  1^  miles  west-southwest  of  that  village.  In 
1895  the  writer  found  some  graptolites  at  a  point  2  miles  northeast 
of  Raymertown  village,  in  Pittstown,  in  small  micaceous,  calcareous, 
quartzose,  finely  banded,  grayish  beds  covered  with  trails.  These  were 
referred  to  Mr.  R.  R.  Gurley,  who  identified  them  as  Dichograpmui 
sp.,  DicJwgrapsusf ^  and  Tetrograps'u^i  or  Dichograpsus^  and  called  the 
horizon  Calciferous,  i.  e.,  Beekmantown. 

Mr.  Ruedemann^s  new  graptolite  localities  in  the  Deep  Kill,  east  of 
Grant  Hollow,  in  Schaghticoke  (paper  No.  19,  p,  11),  appear  to  be  in  one 
or  two  masvses  of  Beekmantown  shale  separated  from  the  Hudson  shalQ 
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on  the  west  by  an  outcrop  of  Cambrian  breccia,  noted  by  the  writer 
in  1899.  Typical  Cambrian  rockn  occur  also  one-fourth  of  a  mile  south- 
west and  three-tenths  of  a  mile  northeast.  The  fauna  of  his  eastern 
outcrop,  which  measures  40  feet  from  east  to  west  and  is  separated 
from  the  western  one  by  825  feet  of  drift,  he  regards  as  Beekmantown 
or  Chazy,  and  in  any  case  as  more  recent  than  that  of  the  other.  This 
eastern  outcrop  may  be  continuous  with — i.  e.,  its  beds  may  pass 
under — the  Hudson  outlier  to  which  Rice  Mountain  belongs. 

In  some  shale  at  Schaghticoke  Mr.  Ruedemann  found  Dictymiema 
^aW/(/!?r7w«(Eichwald)and  ClafWffrapt us proximat us  {M&tthew)^  which 
he  regards  as  Upper  Cambrian  (see  paper  No.  20  on  page  11),  but  on 
page  936  he  observes: 

It  is  evident  that  there  was  no  difference  or  break  whatever  in  physical  conditions 
from  the  time  of  the  deposition  of  these  Cambrian  l)e<l8  to  that  of  the  lower  Siluric 
beds. 

As  these  forms  are  not  quite  conclusively  or  exclusively  Upper 
Cambrian,  and  as  the  genera  Clfjnograpiu^  and  Dlviyoneina  occur 
mingled  with  Beekmantown  graptolites  a  mile  southwest  of  Wynants- 
kill,  as  shown  on  page  30,  this  fauna  is  regarded  as  essentially  l^ek- 
mantown,  with  possibly  a  few  surviving  Upper  Cambrian  forms. 
This  locality  is,  therefore,  shown  on  tlys  map  as  occurring  in  a  waaaiX 
area  of  Beekmantown  shale  resting  upon  the  Lower  Cambrian.  It 
should  be  added  that  the  sui*faces  of  the  fossiliferous  Beekmantown 
beds  in  North  Greenbush  are  marked  by  coarse  branching  casts  of 
organic  origin. 

All  these  localities  are  shown  on  the  map. 

PETROGRAPHY. 

The  finely  banded  quartzite  beds  which  mark  this  horizon,  when 
examined  microscopically,  prove  to  consist  of  angular  grains  of  quailz, 
with  rare  fragments  of  plagioclase  and  occasional  scales  of  muscovite. 
The  banding  is  due  to  fine  stringers  of  sericite  stained  with  limonite 
and  containing  here  and  there  what  appear  to  be  carbonaceous  par- 
ticles. These  undulating  stringers  of  sericite  are  from  0.12  to  0.62 
mm.  apart.  In  places  the  beds  are  very  calcareous.  The  associated 
grayish  and  greenish  shale  was  not  examined  microscopically.  Out- 
wardly it  resembles  the  Cambrian  shale  of  the  same  colors. 

STRATIORAPHY  AND  AREAL  AND  STRUCTURAL  RELATIONS. 

Several  areas  of  Beekmantown  shale  are  shown  on  the  map.  That 
on  the  south  side  of  Mpunt  Rafinesque,  in  Brunswick,  and  three  of 
those  in  North  Greenbush,  were  identified  only  petrographically. 
More  minute  exploration  may  bring  others  to  light.  From  the  rela- 
tive position  of  the  areas  in  North  Greenbush  to  the  Cambiian  fossil 


32  GEOLOGY    OF    HUDSON    VALLEY.  [bull.2«. 

localities,  the  outlier  of  Hudson  shale  with  Normans  Kill  graptolites  is 
probably  surrounded  and  underlain  bj'  Beekmantown  shale,  and  that 
by  the  Lower  Cambrian.  Its  structure  would  be  a  complex  syncline. 
Near  Wynantskill,  however,  the  Beekmantown  seems  to  occur  in  a 
narrow  fold.  In  Pittstown  the  areal  relations  indicate  a  westwardl}'^ 
overturned  anticline  of  Beekmantown  from  which  the  Hudson  has 
been  eroded.  Whether  the  Beekmantown  always  intervenes  here 
between  the  Lower  Cambrian  and  the  Hudson  is  uncertain.  The  map 
indicates  the  formation  only  where  it  has  been  identified. 

The  exposures  of  Beekmantown  shale  are  not  sufficiently  satisfactor}'^ 
to  be  represented  in  sections.  At  the  first-mentioned  locality,  which 
is  about  200  feet  west  of  the  tollgate,  the  greenish-gray  shale,  with 
small  beds  of  finely  banded  quartzite,  measures  about  100  feet  across 
the  strike,  followed  on  the  west  by  93  feet  of  similar  shale  not  banded, 
which  ma}'  be  Cambrian.  The  whole  series  is  in  minor  folds  more 
or  less  overturned  to  the  west.  The  fossils  were  found  25  feet  east 
of  the  boundary  between  the  two  varieties  of  quartzite.  The  situation 
of  the  outcrop  west  of  the  tollgate  in  relation  to  the  Nonnans  Kill  grap- 
tolite  locality  north  of  the  road,  and  of  this  to  another  outcrop  of 
Beekmantown  east  of  it,  indicates  a  synclinal  structure  here  for  the 
Beekmantown,  with  the  Hudson  shale  overl^dng.  At  the  second  local- 
ity (south  of  Wynantskill)  the  outcrop  is  about  80  feet  wide  from  east 
to  west;  the  beds  strike  N.  25^  E.  and  are  in  minor  folds.  Lime- 
stone, probably  Cambrian,  occurs  in  close  proximity.  At  the  locality 
a  mile  southwest  of  Wynantskill  from  30  to  40  feet  of  this  shale  and 
quartzite  overlie  the  fossiliferous  Cambrian  limestone. 

At  the  locality  northeast  of  Raymeitown,  in  ascending  the  brook 
from  the  road  on  the  west,  the  following  series  is  crossed:  CJreen  shale 
with  small  quartzite  beds,  underlying  light-green,  red,  and  purplish 
shale,  striking  N.  30^  E.  and  dipping  45*^  E.  These  colored  beds 
are  covered  with  trails,  etc.  Farther  up  comes  red  shale  with  small 
calcareous  quartzite  beds.  In  a  gulley  a  few  hundred  feet  north  of 
the  creek  is  an  outcrop  of  typical  Hudson  grit.  Farther  up  the  main 
creek  is  the  gray  shale  with  small  calcareous  quartzite  beds  con- 
taining Beekmantown  graptolites.  About  a  half  mile  north,  in  the 
direction  of  the  strike,  is  the  black  Hudson  shale  with  gi-aptolites, 
and  40  feet  west  of  this  is  the  red  and  green  Hudson  shale  which 
was  crossed  at  the  beginning  of  the  section. 

In  all  of  these  localities  the  close  proximity  of  the  Beekmantown 
beds  to  both  the  Lower  Cambrian  and  the  Hudson  beds  is  noticeable. 
This  signifies:  (1)  An  unconformity  between  the  Lower  Cambrian  and 
the  Beekmantown  b}'  the  absence  of  the  Middle  Cambrian  and,  as  far 
as  present  evidence  goes,  of  the  Upper  Cambrian  also.  (2)  An  uncon- 
formity between  the  Beekmantown  and  the  Trenton,  the  Chazy  being 
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absent,  if  not  the  base  of  the  Trenton  also.  Mr.  Ruedemann  is  not  quite 
sure  of  the  Chazy  age  of  the  Deep  Kill  fossils  (his  zone  C),  but  is  sure 
of  the  Chaz}^  age  of  the  fossils  in  certain  limestone  pebbles  in  the  con- 
glomerate of  Rysedorph  Hill  (see  pp.  89,  107,  of  paper  No.  16,  p.  11), 
and  Chazy  limestone  beds  have  not  yet  been  found  in  this  tract. 

The  thickness  of  the  Beekmantown  shale  at  the  localities  described 
in  this  paper  is  roughly  estimated  at  about  50  feet.  As  there  is  a 
possibility  that  some  of  the  green  shale  without  banded  quartzites 
and  without  fossils  belongs  to  this  formation,  this  estimate  should  be 
taken  as  a  minimum.  Mr.  Ruedemann  estimates  it  as  high  as  200  or 
300  feet  on  the  Deep  Kill  (p.  550  of  paper  No.  19,  p.  11). 

HUDSON  SHALE  AND  HUDSON  SCHIST. 

As  the  schist  of  the  Taconic  Range  is  the  metamorphic  equivalent  of 
the  shale  and  grit  of  the  valley,  they  will  all  be  here  treated  as  one 
formation. 

FOSSIL  LOCALITIES. 

Twenty-five  fossil  localities  are  shown  in  the  Hudson  areas.  The 
fossils  collected  at  the  locality  one-half  mile  southwest  of  Lake  Aries, 
in  North  Greenbush,  were  identified  by  Mr.  Charles  Schuchert  as 
Dlplograptus  cf.  angu^tifoHm.  From  a  point  a  mile  north-northeast 
of  that  he  identified  Didymograptus  Sagittarius^  Lasiograptus  rmicro' 
iiatiis^  as  well  as  Diplograptits  cf .  angxistif alius.  Graptolites  also  occur 
a  half  mile  west  of  this  last  place.  From  a  place  on  the  north  bank  of 
the  Hoosic,  a  mile  west  of  Schaghticoke,  he  identified  Cliniacograptus 
hicoimis^  and  from  the  locality  near  the  paper  mill  on  the  Moordener 
Kill,  three-fourths  of  a  mile  north-northeast  of  Castleton,  in  Schodack, 
the  following:  Didymograpt-m  Sagittarius^  Diplograpt^is  cf.  nngusti- 
folius^  Lasiograptus  mucronattis^  Dicellograptxis  sextans^  Dicrano- 
graptvsramosvs^  Climacograptxis  hicomis^  and  C*  pai'vus.^ 

Graptolites  were  also  found  at  the  five  localities  indicated  in  Pittstown 
and  two  in  Schaghticoke,  near  Melrose.  They  were  found  in  1890  by 
Foerste  south  of  and  in  the  railroad  cut  between  1  and  2  miles  north 
of  Chatham.     (See  PL  XCVII  of  paper  No.  9,  p.  11.) 

In  the  Boston  and  Maine  Railroad  cut  near  the  Deep  Kill,  a  mile 
southwest  of  Melrose,  in  Schaghticoke,  a  ver}'  thin  calcareous  bed  in 
the  Hudson  shale  carries  brachiopods,  crinoids,  and  polyzoa. 

There  are  also  important  conglomerates  in  these  shales.  The  Ryse- 
dorph Hill  locality  in  East  Greenbush  has  been  exhaustively  described 
by  Mr.  Ruedemann.  (See  paper  No.  16,  p.  11.)  Mr.  Prindle,  when 
visiting  this  locality  in  1893,  noted  that  the  pebbles  of  the  conglomerate 

<i  Ruedemann  gives  from  this  locality:  Diplograpttu/oiiaceut,  D.  anfftuti/oliu9,  Climacograptus  bicomii, 
Jxuiograplus  mucronatus,  and* Oorynryides  calicvXaria.    (See  p.  544  of  paper  No.  15,  p.  11.) 

Ball.  242-04 3 


84  GEOLOGY    OF   HUDSON    VALLEY.  [Bull.  242. 

were  a  blue  limestone,  that  the  cement  on  exposed  surfaces  was  yellow- 
ish, and  that  both  pebbles  and  cement  were  f  ossilif  erous.  On  Van  Den- 
burg  Hill,  in  Schodack,  about  5i  miles  south-southwest  of  Rysedorph 
Hill,  is  a  limestone  breccia  (and  conglomerate  ?)  containing  Ordovician 
brachiopods  and  crinoids. 

On  the  Moordener  Kill,  200  feet  upstream  from  the  graptolite 
locality  already  mentioned,  Mr.  Prindle  noted  1-foot  blocks  and  small 
fragments  of  limestone  conglomerate  in  a  dark-gray  fossilif  erous  shale. 
The  pebbles  of  this  conglomerate,  as  well  as  its  cement,  contained 
Ordovician  biuchiopods  and  crinoids.  Two  hundred  feet  farther  up- 
stream a  similar  bed  of  conglomerate  was  found,  producing  a  water- 
fall 10  feet  high.  He  was  unable  to  determine  whether  this  was  a 
lenticular  mass  within  the  shale  or  the  core  of  an  anticline.  Here  a 
vertical  cliff  of  shale  200  feet  high,  containing  similar  pieces  of  fossil- 
if erous  conglomerate,  forms  the  right  bank  of  the  stream.  About  200 
feet  farther  upstream,  and  50  feet  below  the  upper  falls,  is  a  third  bed 
of  conglomerate,  12  feet  thick,  also  carrying  brachiopods.  Between 
this  point  and  the  falls  is  a  fourth  bed,  separated  from  the  last  by 
about  25  feet  of  shale.  About  500  feet  beyond  the  upper  falls  Mr. 
Prindle  found  a  fifth  mass  of  conglomerate,  50  feet  thick,  in  the  shale. 
This,  like  the  others,  contains  pebbles  of  bluish  fossilif  erous  limestone 
in  a  brownish  cement.  It  afforded,  however,  no  clue  to  its  structure. 
Mr.  Ruedemann  describes  two  of  these  conglomerates  and  gives  a  list 
of  fossils  showing  both  pebbles  and  cement  to  be  of  Trenton  age.^  It 
was  not  determined  whether  these  conglomerates  were  distinct  beds  or 
repetitions  of  one  or  more  beds.  A  half  mile  northea^^t  of  Schodack 
depot,  on  the  same  kill,  the  Hudson  grit  and  shale  contain  thin  beds, 
with  crinoids  and  polyzoa. 

Passing  now  to  the  Ordovician  on  the  east  side  of  the  Cambrian  belt, 
there  are  several  fossiliferous  limestone  localities,  one  at  the  foot  of 
the  Rensselaer  Plateau  in  Nassau,  a  half  mile  northeast  of  Tackawasick 
Pond,  the  structural  relations  of  which  are  shown  in  fig.  7  (p.  21).  This 
locality  was  first  described  on  pp.  311,  312,  and  the  map  PI.  XCVII,  of 
paper  No.  9,  p.  11.  The  fossils  found  here  by  Foerste  were  Trenton: 
^^ Monticvl/ypora^  Murchismim^  Calymene^  an  orthis  of  O.  plicatell-a 
type,  and  crinoid  stems."  This  limestone  contains  a  bed  of  gray  shale, 
and  this  shale  recurs  at  the  south.  Both  are,  therefore,  regarded  as 
Trenton. 

Another  locality  is  in  Chatham,  about  midway  between  Sutherland 
Pond  and  the  Chatham  and  Lebanon  Valley  Railroad.  This  appears 
to  be  about  a  mile  east  of  one  of  Bishop's  localities  and  is  probably  con- 
nected with  it.  (See  p.  440  of  paper  No.  5,  p.  10).  The  limestone  is 
interbedded  with  greenish  rusty  shale  and  dolomite.     A  poorly  pre- 

a  See  pp.  544-516  of  paper  No.  15,  p.  II. 
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served  gastropod  and  a  loosely  laminated  Stromatocerium^  as  deter- 
mined by  Mr.  E.  O.  Ulrich,  were  found  here.  A  wall  by  the  road 
here  is  made  of  fossiliferous  limestone.  Adjacent  to  this  locality  on 
the  east  and  south  is  grayish-greenish  shale.  This  limestone  seems 
to  recur  a  half  mile  south  of  Old  Chatham,  in  a  hillock  known  as 
Tonys  Nose,  there  also  associated  with  dolomite.  At  the  top,  lime- 
stone fragments,  apparently  from  an  outcropping  grayish-greenish 
shale,  contain  traces  of  fossils.  Between  these  two  localities  is  a  ridge 
composed  of  two  thick  beds  of  quartzite,  alternating  with  red  and 
green  shale  with  small  quartzites,  typical  of  horizons  B,  C,  D,  E,  of 
the  Lower  Cambrian  series. 

The  last  locality  is  one  of  Bishop's,  li  miles  north  of  Chatham, 
where  Foerste  obtained  Leptaena  sericea^  a  Murclmonia^  a  Pleiiroto- 
maria^  etc.  (See  p.  315  and  PI.  XCVII  of  paper  No.  9,  p.  11.) 
Bishop  mentions  from  here,  and  from  a  point  a  mile  south,  besides  the 
above,  Strophomena  altemata^  a  doubtful  Maxilurea^  an  Ophileta^  an 
undeterminable  Orthoceras^  and  the  polyzoon,  Ptilodycta,  The  Hud- 
son grit,  a  half  mile  west  of  Schaghticoke,  on  the  south  bank  of  the 
Hoosic,  and  again  a  half  mile  south  of  Schodack  depot,  on  the 
railroad,  has  organic  impressions  preserved  as  casts,  somewhat  similar 
to  those  occurring  in  the  quartzite  beds  of  the  Lower  Cambrian  series. 

PETROGRAPHY, 

The  unaltered  part  of  the  Hudson  formation  consists  of  black,  gray, 
greenish,  and  reddish  shale,  with  interbedded  grit;  black,  white- 
weathering,  cherty -looking  beds;  limestone,  and  limestone  conglomer- 
ate; and  in  places  small  beds  of  quartzite. 

The  most  typical  and  significant  of  these  rocks  is  the  grit.  This  is 
a  loose  aggregate  of  angular  grains  of  quartz,  plagioclase  feldspar, 
scales  of  muscovite,  and  graphite,  together  with  particles  of  several 
clastic  rocks,  all  held  together  by  a  carbonaceous,  calcareous,  and 
rarely  sericitic  cement.  As  the  writer  has  already  published  micro- 
scopical descriptions  of  this  rock,  based  upon  a  number  of  thin 
sections,  ^  it  will  be  sufficient,  in  order  to  convey  an  idea  of  its  general 
character,  to  add  a  microscopical  drawing  (PL  H,  D)  and  also  to  call 
attention  again  to  the  significant  occurrence  in  it  of  grains  of  clastic 
rocks.  A  description  of  a  thin  section  of  this  grit  from  a  point  100 
feet  below  the  dam  in  the  Poesten  Kill,  at  Troy,  is  here  repeated  from 
paper  No.  13,  p.  11.  The  rock  contains  grains  of  quaitzite,  limestone 
with  veins  of  calcite,  grains  consisting  of  quartz  fragments,  muscovite 
scales  without  orientation,  chlorite,  and  rutile  needles  (which  indicate 
a  slate  in  parallel  section,  or  else  a  s)iale),  a  grain  of  micaceous  quartz- 
ite, a  grain  of  sti-atified  carbonate  rock  with  quartz  grains — i.  e., 

oSee  pp.  187, 188  of  paper  No.  18,  p.  11. 
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quartzose  limestone  or  dolomite — and  a  grain  of  slate  with  aggregate 
polarization,  containing  quartz  gi'ains,  chlorite,  and  tourmaline. 

At  the  western  foot  of  Rice  Mountain,  H  miles  south-Bouthwest 
from  Grant  Hollow  and  about  700  feet  southeast  of  the  road  corner,  in 
the  town  of  Schaghticoke,  a  small  excavation  has  exposed  Hudson  grit 
strata,  about  30  feet  thick,  containing  a  few  inches  of  conglomerate,  the 
pebbles  of  which  scarcely  exceed  one-sixth  of  an  inch  in  diameter. 
These  pebbles  prove  to  be  mostly  fine-grained  dolomite,  but  there  are 
also  pebbles  of  slate,  carbonaceous  shale,  carbonaceous  sandstone, 
cryptocrystalline  quartz,  vein  quartz,  and  plagioclase  and  ortho- 
clase  feldspar.  The  grains  of  clastic  rock  show  that  during  the 
deposition  of  the  Hudson  grit  certain  slates,  shales,  limestones,  dolo- 
mites, quaii:zites,  and  sandstones  were  above  water  at  no  very  great 
distance.  At  a  quarry  south  of  the  Poesten  Kill,  in  Troy,  the  grit  con- 
tains minute  globular  masses  of  anthracite,  each  surrounded  by  a  film 
of  chalcedony. 

The  cherty -looking  beds  refen'ed  to  crop  out  at  several  points.  At 
Grandview  Hill,  in  East  Greenbush,  this  rock  consists  of  a  carbo- 
naceous matrix  containing  angular  fragments  of  quartz  and  plagio- 
clase and  scales  of  muscovite.  Its  weathering  white  may  be  due  either 
to  the  loss  of  carbon  or  to  the  kaolinization  of  a  fine  f  eldspathic  cement. 

In  a  small  ravine  2  miles  west-southwest  of  East  Greenbush,  south  of 
the  Boston  and  Albany  Railroad  crossing,  the  Hudson  shale  contains 
small  irregular  beds  or  nodules  of  fine-grained  calcareous  quartzite,  in 
which  the  particles  are  angular  and  almost  entirel}^  quartz,  with  an  occa- 
sional grain  of  plagioclase  or  zircon  or  a  flake  of  muscovite. 

The  metamorphic  part  of  the  Hudson  formation  consists  of  the  seri- 
cite-schist  which  constitutes  the  Taconic  Range.  This  has  been  so 
often  described"  that  it  will  be  sufficient  to  state  that  it  is  sometimes 
black  from  the  presence  of  graphite,  or  greenish  from  the  abundance 
of  chlorite,  or  purplish  from  the  addition  of  hematite.  In  Chatham  the 
transition  from  shale  to  schist,  in  passing  from  the  west  to  the  east, 
is  so  gradual  that  it  is  often  difficult  in  the  field  to  determine  whether 
a  given  rock  is  a  shale  or  a  phyllite.  In  Austerlitz,  a  quarter  of  a 
mile  south  of  Redrock,  the  schist  contains  a  bed  of  ^slightly  chloritic 
quartzite,  20  feet  thick,  with  pebbles  of  quartz  up  to  an  eighth  of  an 
inch  in  diameter. 

STRATIGRAPHY. 

The  general  structure  of  the  strip  of  the  Hudson  formation  between 
the  Hudson  River  and  the  Cambrian  boundary,  in  at  least  its  narrower 
part,  is  shown  at  a  quarry  between  Troy  and  South  Troj^,  where  an 
acute  anticlinal  core,  slightly  overturned  to  the  west,  forms  the  center 
of  a  mass  of  shale  and  grit  about  400  feet  wide,  measured  across  the 

a  See  pp.  303-306  of  paper  No.  9,  p.  11,  and  Men.  U.  B.  Qeol.  Survey,  vol.  23,  pp.  182-184. 
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strike.  At  the  north  end  of  the  quarry  the  east  limb  of  the  fold  dips 
60^  E.  and  the  west  limb  80^  E.,  but  at  the  south  the  anticline  is 
nearly  erect.  The  folds  in  the  wider  part,  however,  are  not  all  of  this 
character,  for  at  an  old  quarry  a  half  mile  southwest  of  Def reestville, 
or  2  miles  northeast  of  Rensselaer,  a  gentle  anticline  of  grit  and  shale, 
about  100  feet  in  diameter,  is  exposed. 

The  order  and  thickness  of  the  Hudson  beds  are  difficult  to  deter- 
mine. This  is  in  consequence  not  only  of  the  frequent  overturned 
folding,  as  shown  above,  but  also  because  of  the  horizontal  transition 
of  red  and  green  shale  into  each  other  and  probably  of  several  other 
members  of  the  series,  the  interbedding,  the  possible  difference  in  age 
indicated  by  different  graptolite  faunas,  as  shown  by  Ruedemann  (paper 
No.  15,  p.  11),  and  also  the  unconformities  shown  by  the  limestone 
conglomerates  (paper  No.  16,  p.  11). 

The  following  table  embodies  such  approximations  as  to  the  order 
and  thickness  of  this  formation  as  the  data,  obtained  during  these 
studies  and  from  the  literature,  seem  to  warrant: 

Table  shomng  the  Hudson  formation  as  exposed  in  Rensselaer  County  and  the  northeastern 

part  of  Columbia  County^  N.  Y. 


Description  of  strata. 


Black  shale  with  arena- 
ceous limestone,  etc.  a 

Black  and  gray  nhale 
with  interbedded  gTit.<^ 

Similar  shale  with  lime- 
stone and  1  Imestone  con- 
glomerate. 

Black,  siliceoos,  white- 
weathering,  "  cherty- 
looking"  shale,  e 

Reddish,  purplish,  green- 
ish shale,  with  small 
quartzite  beds.' 


Fauna. 

Estimated 
thickness. 

Age. 

/DiplooT.  amplezi- 
\   cauBs.!*  • 

/Normans     Kill 
\   graptolite  fauna. 

Trenton  fauna  in 
limestone   and  i 
cement  of  con- 
glomerate.d 

[l,200-2,a00? 

• 
Trenton. ; 

1 

Metamorphic 
equivalent. 


Estimated 
thickness. 


Sericite-schist, 
black,  green,  or 
purple,  in  places 
with  greenish 
quartzite  up  to 
20  feet  thick. 


Feet. 
)  1,000-2,000 


a  See  Ruedemann,  pp.  685-587,  stations  24,  25,  26,  of  paper  No.  15,  p.  11. 

ft  See  as  above  for  otner  fossils. 

e  Rarely  with  small  beds  of  quartzite. 

dThe  pebbles  of  this  conglomerate  contain  Trenton,  Chazy,  and  Lower  Cambrian  fossils.  See 
paper  No.  16.  p.  11,  and  Ford,  paper  No.  8,  p.  10. 

« The  vertical  relations  of  the  colored  shale  and  the  black  siliceous  shale  to  each  other  and  to 
the  black  and  gray  shale  with  Normans  Kill  graptolite  fauna  are  not  clear.  They  are  all  intimately 
associated.    The  greenish  shale  sometimes  includes  small  limestone  beds. 

ABEAL  AND  STRUCTURAL  RELATIONS. 


The  Hudson  formation,  as  shown  on  the  map,  occurs  on  both  sides 
of  the  Lower  Cambrian  belt,  and  it  also  forms  two  isolated  areas  of 
more  or  less  complex  synclinal  stiiicture  within  and  upon  it.  Some 
of  its  structural  relations  are  shown  in  tigs.  7,  13,  and  15-17.  The 
Hudson  beds  are  frequently  separated  from  the  Lower  Cambrian  by  a 
few  feet  of  Beekmantown  shale.  Whether  this  shale  always  inter- 
venes in  eastern  New  York  has  not  yet  been  determined.     In  any  case, 
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it  is  here  unconformably  related  to  the  underlying  formations  either 
b}^  the  absence  of  the  Chazy  and  the  Middle  Cambrian,  very  probabh'^ 
also  of  the  Upper  Cambrian,  or  by  the  absence  of  these  and  the  Beek- 
mantown,  and  in  both  cases  povssibly  also  by  the  absence  of  the  lowest 
Trenton.  An  unconformity  to  older  sedimentary  formations  is  indi- 
cated by  the  pebbles  and  grains  of  slate,  limestone,  dolomite,  and  quartz- 
ite  within  the  grit,  as  shown  under  '^Petrography,"  and  this  has  also 
been  paleontologically  corroborated  by  the  conglomerate  interbedded 
with  the  grit,  the  pebbles  of  which  contain  Lower  Cambrian  and  Chazy 
fossils. 

That  the  relations  on  the  west  side  of  the  Cambrian  belt  are  not 
only  those  of  unconformable  deposition  but  of  a  more  or  less  continu- 
ous overthrust  is  rendered  somewhat  probable  from  the  situation  of 
the  overthrust  near  Schodack  Landing  (fig.  17)  and  of  that  at  Bald 
Mountain**  in  Greenwich,  47  miles  north-northeast  of  the  former,  as 
well  as  from  the  general  direction  of  the  Cambro- Hudson  boundary 
between  them.  It  is  to  be  noted  also  that  at  the  outlet  of  the  pond  in 
Oakwood  Cemetery  in  Lansingburg  the  black  cherty  beds  of  the 
Hudson  underlie  the  olive  grit  (horizon  F)  of  the  Lower  Cambrian, 
from  11 0  to  340  feet  of  the  Lower  Cambrian  being^ibsent  either  through 
faulting  or  through  pre-Hudson  erosion. 

For  these  reasons  it  is  assumed  that  in  consequence  of  a  westwardly 
overturned  fold,  which  is  frequently  ruptured,  the  Lower  Cambrian 
here  usually  overlies  the  Hudson — i.  e.,  the  Trenton  or  middle  part  of 
the  Ordovician.  The  east- west  course  of  the  Cambro-Hudson  bound- 
ary east  of  Van  Denburg  Hill -corresponds  roughly  to  a  change  in  the 
strike  of  the  Hudson  beds.  It  is  uncertain  whether  the  overthrust 
follows  this  bend  or  maintains  its  northerly  course  or  is  interrupted. 

The  isolated  mass  of  Hudson  shale  in  Brunswick,  Lansingburg,  and 
Pittstown,  amply  identified  by  graptolite  localities  and  by  the  typical 
black  and  red  shale,  grit,  and  cherty -looking  beds,  is  almost  sur- 
rounded by  typical  Cambrian  beds  with  several  fossil  localities.  It 
has  Beekmantown  beds  at  two  points,  one  on  either  side  of  it.  The 
reason  for  drawing  the  boundary  here  different  from  that  on  Mr.  Wal- 
cott's  map*  is  that  the  shale  with  small  beds  of  quartzite  which  crops 
out  north  of  the  graptolite  shale  has  a  general  resemblance  to  the 
Cambrian  shale,  although  no  Lower  Cambrian  fossils  have  as  yet  been 
found  north  of  the  latitude  of  Tomhannock  village  in  the  area  of  this 
map.  The  east-northeast  to  west-southwest  trend  of  Mount  Rafinesque 
is  due  to  change  in  the  strike  of  the  Hudson  shale.     Less  than  a  mile 


aSee  paper  No.  6,  p.  11;  Walcott,  C.  D.,  Am.  Jour.  8ci.,  Sd  ser.,  vol.  35,  p.  817,  flg.  12.  The  contin- 
uation of  this  fault  was  retraced  in  1902  by  Mr.  Fred  H.  Moffit.  then  the  writer's  aasistant,  from  Bald 
Mountain.  Greenwich,  in  a  northerly  direction  10  miles  into  Argryle. 

t»See  PI.  Ill  of  paper  No.  6,  p.  11. 
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east  of  Chatham  Center  there  is  an  outcrop  of  the  black  cherty-looking 
beds  and  red  shale  of  the  Hudson  formations  striking  N.  10"^  E.,  but 
a  mile  farther  southeast  the  gmy  shale  of  the  Cambrian  crops  out.  At 
Maiden  bridge,  4  miles  north-northeast  of  the  first  of  these  localities, 
the  following  series  is  exposed  in  the  bed  of  the  Kinderhook :  Beginning 
on  the  east,  40  feet  of  gray  shale  and  grit,  24  feet  of  black  shale  and 
limestone,  followed  by  over  70  feet  of  shale,  with  a  few  calcareous 
beds  and  coarse,  gritty  beds.  As  the  age  of  these  beds  is  uncertain 
and  as  the  area  between  them  and  the  outcrops  east  of  Chatham  Cen- 
ter was  not  explored,  there  may  be  a  tongue  of  Hudson-Trenton 
extending  up  this  valley.    This  area  has  therefore  been  left  uncolored. 

The  relations  of  the  Hudson  formation  to  the  overlying  Rensselaer 
grit  of  the  Silurian  are  shown  in  the  section,  fig.  7  (p.  21),  which  crosses 
the  contact  of  the  two  formations  in  Nassau,  near  Tackawasick  Pond, 
and  on  the  map,  PI.  I  (p.  12),  which  shows  an  outlier  of  typical  Rens- 
selaer grit  and  conglomerate  resting  upon  the  Hudson  schist  2  miles 
northeast  of  Spencertown,  in  Austerlitz. 

The  small  mass  of  unfossiliferous  limestone  southeast  of  Pike  Pond, 
in  Nassau,  is  probably  of  Hudson  (Trenton)  age  also,  and  immediately 
underlies  the  grit  of  the  plateau.  It  may  be  continuous  with  that 
about  3  miles  south. 

RENSSELAER  GRIT. 
PETROGRAPHY. 

With  the  exception  of  faint  annelid  trails  at  one  point,  no  fossils 
have  as  yet  been  found  in  this  formation.  Its  petrography  has  been 
already  so  fully  treated  in  print  that  little  need  be  added.**  Its  petro- 
graphic  characteristics,  in  brief,  are  as  follows:  A  dark-green,  tough, 
generally  thick-bedded,  often  calcareous,  crystalline,  granular  rock, 
with  visible  quartz  and  feldspar  gi*ains,  and  traversed  by  veins  of 
quartz,  in  places  of  epidote  and  calcite.  This  rock  alternates  with 
beds  of  purplish,  reddish,  or  greenish  slate  or  shale.  The  grit  itself 
contains  microscopical  grains  of  quartz,  orthoclase,  plagioclase,  and 
microcline  feldspar,  biotite,  garnet,  tourniiline,  zircon,  magnetite, 
ilmenite,  and  epidote,  in  a  cement  of  chlorite,  muscovite,  quartz,  cal- 
cite, epidote,  and  pyrite.  In  some  places  the  grit  contains  beds  of 
conglomerate  up  to  4  feet  in  thickness,  with  pebbles  of  quartz,  ortho- 
clase, plagioclase,  microcline,  granitoid  gneiss  or  granite  (with  the 
same  feldspars),  fine-grained  gneiss,  and  rarely  chloritized  diabase  or 
gabbro,  together  with  pebbles  of  the  following  sedimentary  rocks: 
Quartzite  (white,  black,  or  red),  greenish  phyllite,  siliceous  shale  and 
fine  grit  (carbonaceous,  and  sometimes  calcareous,  with  angular  grains 
of  quartz,  plagioclase,  microcline,  and  scales  of  muscovite),  granular 

a  See  pp.  806-310  and  PI.  C  of  paper  No.  9,  p.  11. 
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and  crystalline  limestone,  and  cryptocrystalline  quartz  (with  grains  of 
plagioclase,  muscovite  scales,  rutile,  caleite,  and  quartz  veins).  The 
diameter  of  these  pebbles  does  not  usually  exceed  an  inch,  but  the 
quartzite  sometimes  attains  2  inches,  the  limestone  4,  and  the  gneiss  in 
one  case  measured  12  by  8  by  3.^  PI.  II,  E  (p.  20),  shows  a  micro- 
scopical drawing  of  the  typical  Rensselaer  grit,  and  illustrates  partic- 
ularly the  difference  between  its  cement  and  that  of  the  Hudson  grit. 
In  the  outlier,  which  extends  from  East  Nassau  to  Old  Chatham,  the 
matrix  of  the  grit  is  sometimes  reddish,  and  where  greenish  the  rock 
approaches  a  quartzite.  Although  the  massive  Cambrian  quartzites 
j(horizons  B,  D)  are  generally  greenish  and  sometimes  pass  into  con- 
glomerates, they  can  usually  be  distinguished  from  the  Rensselaer  grit 
by  their  cement  being  mostly  quartz  and  their  grains  and  pebbles 
entirely  quartz,  with  the  exception  of  an  occasional  one  of  feldspar  or 
slate. 

STRATIGRAPHY. 

The  total  thickness  of  the  grits  on  the  plateau  was  estimated  at  about 
1,400  feet,  but  it  may  be  a  little  greater.  The  portion  of  the  plateau 
described  in  this  paper  consists  of  minor  folds  with  a  north  or  north- 
northeast  trend.  Some  of  these  folds  are  exposed  in  the  gorge  of  the 
Poesten  Kill,  between  Barberville  and  a  point  a  mile  east  of  the  village 
of  Poestenkill.*  Several  folds  are  also  crossed  on  the  road  leading 
northeast  from  Sandlake. 

The  outlier  south  of  North  Nassau  consists  of  two  masses,  which  at 
the  north  are  separated  by  a  swampy  interval.  Each  of  these  cortsists 
of  a  syncline  followed  on  the  east  by  an  anticline,  but  the  entire  outlier 
is  probably  made  up  of  three  anticlines  and  four  synclines  in  alterna- 
tion. (See  PI.  Ill,  Sec.  (7,  p.  46.)  The  north  end  of  the  outlier  west  of 
E^ast  Nassau  is  a  syncline. 

The  Rensselaer  grit  south  of  Alps  village  in  Nassau  strikes  N.  70^  E. 
and  dips  50°  to  60^  NW.  From  this  point  the  strikes  in  the  adjacent 
Cambrian  gradually  curve  southward  for  over  2  miles  and  in  the 
outlier  south  of  North  Nassau  resume  their  normal  direction. 

AREAL  AND  STRUCTURAL  RELATIONS. 

The  relations  of  the  Rensselaer  grit  are  peculiar.  Along  the  greater 
part  of  its  western  boundary  it  is  bounded  and  underlain  by  the  Lower 
Cambrian,  and  these  relations  reappear  in  the  greater  part  of  the  large 
outlier  in  Nassau  and  Chatham  and  in  the  smaller  one  near  North 
Nassau.  In  places,  however,  as  near  Tackawasick  Pond  (fig.  7),  it  over- 
lies the  Hudson  (Trenton  shale  and  limestone),  and  the  outlier  in  Aus- 
terlitz  lies  upon  the  Hudson  schist.     Such  relations  signify:  (1)  That 

a  The  dimension  of  23  inches  given  on  p.  308  of  paper  No.  9,  p.  11,  was  an  error. 
<>See  flgs.  34,  35,  36,  and  37  on  pp.  325-327  of  paper  No.  9,  p.  11. 
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the  Rensselaer  grit  is  later  than  a  part  or  the  whole  of  the  Hudson 
formation,  and  (2)  that  it  was  deposited  in  places  upon  a  Lower  Cam- 
brian surface  upon  which  the  Hudson  beds  had  never  been  deposited 
or  from  which  they  had  been  eroded. 

Tliat  similar  Lower  Cambrian  surfaces  were  above  water  during  the 
deposition  of  the  grit  at  no  great  distance  is  shown  by  the  presence  of 
(|uartzite  pebbles  within  the  grit.  One  of  these  conglomerate  beds, 
•  with  pebbles  of  quartzite  an  inch  in  diameter,  occurs  within  a  mile 
northeast  of  Tackawasick  Pond,  but  the  evidence  from  the  pebbles 
shows  that  the  grit  was  also  unconformable  to  formations  containing 
greenish  phyllite,  siliceous-carbonaceous  shale  or  grit,  crystalline 
limestone,  and  cryptocr3\stalline  quartz.  These  may  all  have  come 
from  Lower  Cambrian  beds,  but  the  black  siliceous  grit  pebbles 
resemble  the  Hudson  grit  as  much  as  they  do  the  black  pebbles  of 
the  Cambrian  sandstone.  In  common  with  the  Cambrian  quartzite 
and  the  Hudson  grit,  the  Rensselaer  grit  contains  quartz,  feldspar, 
and  zircon  fragments  from  the  older  crystallines.  Its  pebbles  of 
granite  and  gneiss  are  still  more  conclusive  on  this  point,  and  the 
large  granite  ''pebble"  shows  that  these  older  crystallines  were  not 
far  distant. 

Finally,  two  contacts  along  the  western  boundary  of  the  grit  will  be 
described  in  detail.  One  of  these  is  a  half  mile  north  of  Hoag  Cor- 
ners, in  Nassau,  about  400  feet  east  of  the  road  to  Alps.  A  large 
outcrop  of  grit,  striking  N.  35"^  W.  and  dipping  40^  E.,  is  under- 
lain b}"  red  arid  green  shale,  without  small  quartzite  beds,  and  prob- 
ably also  belonging  to  the  Rensselaer  grit  formation.  About  160 
feet  west  of  the  shale  is  the  typical  red  shale  of  the  Cambrian,  with 
small  quartzites,  striking  N.  15^  E.  and  dipping  90*^.  This  interval 
of  150  feet  without  outcrop  may  be  occupied  either  by  the  Trenton 
limestone  and  shale,  as  it  is  If  miles  south  (iig.  7,  p.  21),  or  by  the 
Cambrian  shale.     (See  PI.  Ill,  Sec.  C^  p.  46.) 

The  otlier,  11  miles  north-northwest  of  the  first,  is  in  the  town  of 
Brunswick,  where  the  road  from  Eagle  Mills  (Millville)  toward  Da- 
vitt  Pond  crosses  the  geological  boundary.  This  contact  is  3  miles  east- 
southeast  of  Millville,  where  the  road  bends  from  a  south-southeast  to 
an  east-northeast  course.  There  are  large  outcrops  of  the  red  and 
green  shale  with  small  quartzites,  with  trails,  etc.,  typical  of  the  Lower 
Cambrian  horizons  A,  C,  E.  At  the  road  bend  this  shale  dips  45^-70^ 
E.,  and  measures  over  loO  feet  along  the  road,  which  crosses  it  diago- 
nally. In  contact  with  it  on  the  east  is  a  series  of  alternating  small 
beds  of  reddish  and  greenish  shale  and  fine-grained  grit  or  quartzite 
of  uncei'tain  position.  On  the  east  side  of,  and  in  contact  with,  this 
series  is  a  bed  of  typical  Rensselaer  grit  3  feet  thick,  with  large  peb- 
bles of  quartz,  etc.,  dipping  90°,  and  followed  by  the  usual  alternations 
of  shale  and  grit.    The  following  measurements  of  this  series  of  small 
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beds,  intervening  between  the  typical  Rensselaer  grit  beds  and  the 
typical  Lower  Cambrian  beds,  were  taken,  and  thin  sections  were  pre- 
pared of  beds  marked  1  to  7,  in  oixier  to  determine  how  nearly  the 
Rensselaer  grit  approaches  the  Lower  Cambrian.  The  names  attached 
to  these  beds  are  based  upon  these  microscopical  determinations. 

Measured  section  at  contact  of  Rensselaer  grit  and  Lower  Cambrian  in  Brunswicky  S  miles 

east-southeast  of  Eagle  Mills, 


Thin 
sec- 
tion. 


6 


4 
3 


Description  of  strata. 


Rensselaer  grit  and  interbedded  shale  or  slate 

Rensselaer  grit,  coarse,  with  pebbles  of  quartz  and  feldspar 

Rensselaer  grit,  coarse  and  fine,  in  small  l>eds 

Covered  space,  probably  greenisli  shale 

Rensselaer  grit 

Green  shale  with  small  gritty  beds 

Rensselaer  grit 

Red  and  green  shale  and  small  beds  of  Rensselaer  grit 

Bed  of  roundish  quartz  grains  in  a  cement  of  chlorite  with  some  sec- 
ondary quartz 

Green  shale  with  two  small  quartzose  beds 

Bed  of  angular  quartz  and  plagioclase  grains  in  a  cement  of  chlorite. . 

Red  and  green  shale 

Rensselaer  grit,  thin  bedded,  with  some  shale 

Red  shale  with  small  quartzite  beds,  with  trails,  etc.,  typical  of  hori- 
zons A,  C,  E,  of  Lower  Cambrian 
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This  piece  of  investigation  thus  shows  that  the  Rensselaer  grit,  the 
basal  part  of  the  Silurian,  lies  at  this  point  immediately  upon  the  red 
shale  scries  classed  as  Lower  Cambrian. 

Finall}',  attention  should  be  called  to  the  significance  of  the  position 
of  the  three  outliers  with  reference  to  the  plateau.  The  northern  one 
is  opposite  the  eastward  recession  of  the  edge  of  the  plateau,  and  the 
western  sides  of  both  larger  outliers  are  in  about  the  same  longitude 
as  the  most  westerly  part  of  the  plateau  in  Poestenkill.  This  indicates 
that  the  southern  prolongation  of  the  plateau  once  extended  at  least 
that  far  west,  while  the  third  outlier  in  Austerlitz  shows  that  the  Rens- 
selaer grit  extended  at  least  7  miles  south-southeast  of  the  second 
outlier,  or  12  miles  south  of  the  plateau  itself.  On  the  west  side  of 
the  first  road  east  of  Taokawasick  Pond,  in  Nassau,  there  appears  to  be 
still  another  outlier  of  Rensselaer  grit,  but  it  is  too  small  to  enter  upon 
the  map. 


DALS.] 


ARSAL  aEOLOGT. 


48 


Rt^VMt  OF  THE  FORMATIONS. 

In  the  following  table  all  the  stratigraphical  results  from  the  study  of 
the  four  formations  are  brought  together  and  generalized.  This  table 
differs  in  important  respects  from  that  on  pages  332,  333  of  paper  No. 
9,  p.  11,  in  which  the  Hudson  shale  and  the  Berkshire  schist  were 
unintentionally  represented  as  not  equivalent,  and  in  which  the  rela- 
tions of  the  Rensselaer  grit  to  the  Cambrian  west  of  the  plateau  were 
not  given  at  all. 

Tabular  rhumS  of  the  formatioTis. 


Period. 


Stlurian. 


OrdoYiciau. 


Cambrian. 


Formation. 


Rensselaer  grit. 


(In  places  rests  un- 
comformably  on 
Lower  Cam- 
brian.) 

Hudson  shale  or 
Hadaon  schist. 


(Unconformity. 
Cbazyabfient,and 
lowest  Trenton?) 

JSeekmantown  (Cal- 
ciferoos). 

(Unconformity. 
Upper  and  Mid- 
dle Cambrian 
absent.) 

Lower  Cambrian. 


Equivalent. 


Oneida  and  Medina. 


Trenton. 


Part  of  Stockbridge 
limestone. 


Part  of  Stockbridge 
limestone.  Qreen- 
wich  sJate  of 
Washington  Co., 
N.  Y.,  Vermont 
formation  of  Mas- 
sachusetts and 
Vermont. 


General  de.%ription. 


!  Thick- 

nerain 

feet. 


Dark-gxeen  metamorphic  grit  with 
interbedded  reddish  and  greenish 
shale  or  slate  and  conglomerate, 
containing  pebbles  of  quartzite, 
marble,  black  siliceous  shale,  grit, 
phyllite,  all  of  Lower  Cambrian 
age,  some  of  them  possibly  of 
OrdoYician  age;  also  pebbles  of 
gneiss  and  granite  of  pre-Cam- 
Drian  origin. 

Black,  gray,  greenish,  and  reddish 
shale,  the  black  with  Normans 
Kill  graptolite  fauna,  and  like 
the  grav,  interbedded  with  grit; 
black  siliceous  shale,  one  or  sev- 
eral beds  of  limestone  conglom- 
erate, the  pebbles  of  which  carry 
Trenton,  Chasy,  and  Lower  Cam- 
brian fossils.  The  gray  shale  in 
places  with  limestone  having 
lOflsils  of  Trenton  age.  In  the 
corresponding  metamorphic  zone 
sericite-schlst  with  occasional 
thick  beds  of  quarteite. 

Greenish-gray  shale,  with  small 
beds  of  finely  banded  quartzite, 
sometimes  calcareous  and  mica- 
ceous, carrying  **LevU  grapto- 
lUea*'  and  Dietyonema  and  Clono- 
graplui. 

Alternating  beds  of  limestone,  black 
or  gray  shale,  calcareous  sand- 
stone: the  limestone  often  brec- 
ciatea  and  in  places  a  conglom- 
erate, all  with  OleneUus  fauna. 

The  above  underlain  by  reddish  and 
greenish  shale  with  Oldhamia  and 
HyolUkes.  and  these  in  places 
by  an  olive  grit  or  a  sandstone 
passinff  into  quartzite.  The  low- 
est beoB  exposed  are  reddish  and 
f greenish  shale  with  thin  quartz- 
te  beds,  carrying  (MdJuimia,  etc.. 
interbedded  with  two  bods  of 
greenish  quartzite,  each  8  to  60 
feet  thick. 
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STIlUCTURAIi  GEOI.OGY. 

STRUCTTURE  SECTIONS. 

Section  A^  PL  III,  shows  the  unconformable  relations  between  the 
large  synclinal  outlier  of  Hudson  shale  and  the  Lower  Cambrian;  also 
that  between  the  Silurian  Rensselaer  grit  and  the  Lower  Cambrian,  as 
well  as  the  overthrust  at  the  west  which  has  brought  the  Lower  Cam- 
brian on  to  the  Hudson.  The  section  involves  three  periods  of  fold- 
ing, one  at  the  close  of  the  Lower  Cambrian,  another  at  the  close  of  the 
Ordovician,  and  still  another  which  metamorphosed  and  folded  the 
Silurian  beds.  That  these  last  two  movements  were  not  identical,  i.  e., 
that  the  Ordovician  beds  were  folded  before  the  Silurian  beds,  is  shown 
by  the  well-known  unconformable  relations  between  the  Ordovician 
and  the  Silurian  at  a  number  of  points  in  the  Hudson  Valley." 

As  the  Silurian  movement  in  New  York  seems  to  have  been  confined 
to  an  emergence  causing  a  slight  retreat  of  the  shore  line,  and  as  both 
Silurian  and  Devonian  beds  in  conformable  relations  are  powerfully 
folded  at  Becraf  t  Mountain,  scarcely  25  miles  southwest  of  the  Rensselaer 
Plateau,*'  the  movement  which  affected  the  Silurian  grit  of  Rensselaer 
County  does  not  date  further  back  than  the  close  of  Devonian  time, 
and  may  have  occurred  as  late  as  the  close  of  the  Carboniferous. 

Section  B^  PI.  HI,  crossing  the  smaller  synclinal  outlier  of  Hudson, 
repeats  essentially  the  features  of  Section  A.  In  both  it  is  assumed 
that  the  unconformity  between  the  Beekmantown  and  the  Trenton 
represents  merely  an  emergence  followed  by  a  period  of  denudation. 
In  both  sections  the  minor  folds  in  the  broad  Cambrian  area  ai'e  neces- 
sarily largely  hypothetical. 

Section  C,  PI.  Ill,  shows  mainly  the  genei*al  structure  of  the  small 
outlier  of  Silurian  resting  upon  the  Cambrian. 

GENERAL  STRUCTURE. 

The  general  structural  features  are:  The  westwardly  overturned 
folds  which  mark  a  large  part  of  the  area;  the  presence  of  an  anticline 
of  this  character,  the  rupture  of  which  resulted  here  and  there  in  an 
overthrust  at  the  west;  east  of  this  a  synclinal  axis  running  through 
both  of  the  Ordovician  outliers,  with  a  complex  anticline  east  of  it. 
The  most  important  inference,  however,  to  be  drawn  from  the  sections 
is  the  presence  of  three  periods  of  folding:  The  Ix)wer  Cambrian  one, 
which  raised  some  parts  of  the  Cambrian  area  above  water;  that  at  the 

aSee  Davis,  William  M.,  The  nonconformity  at  Rondout,  N.  Y.:  Am.  Jour.Sci.,3d  ser.,  vol.26,  1883, 
p.  389.  Van  Ingcn,  Gilbert,  and  Clark,  P.  Edwin,  Disturbed  fossiliferous  rocks  in  the  vicinity  of 
Rondout,  N.  Y.:  Report  New  York  State  Paleontologist  for  1902, 1903,  p.  1176.  Darlon,  N.  H.,  Prelim- 
inary report  on  the  geology  of  Ulster  County,  N.  Y.:  Rept.  Stale  Geologist  o'  New  York  for  1893,  p.  357. 

6  See  Grabau,  Amadeus  W.,  Stratigraphy  of  Becraf t  Mountain,  Columbia  County,  N.  Y.:  Rept.  New 
York  SUte  Paleontologist  for  1902, 1903,  p.  1030. 
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STRUCTTURE    SECTIONS. 

A.  Section  from  near  Quackenkill,  in  Grafton,  to  the  Hudson  2  miles  north  of 
Lansingburg. 

B.  Section  from  a  point  2  miles  east  of  Sandlake  to  the  Hudson  2  miles  south  of 
South  Troy. 

C.  Section  in  Nassau  from  the  western  edge  of  the  Rensselaer  Plateau  to  a  point  a 
mile  south-southeast  of  Burden  Lake. 

In  these  sections  €l=Lower  Cambrian;  Ob=Ordovician,  Beekmantown;  Oh= 
Ordovician,  Hudson;  Sr=SilujAan,  Rensselaer  grit    Scale,  one-half  inch=l  mile. 
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close  of  the  Ordovician,  which  not  only  folded  the  Hudson  and  the 
Beekmantown  beds,  but  also  modified  and  faulted  the  Lower  Cam- 
brian folds;  and  one  at  the  close  of  Devonian  or  Carboniferous  time, 
which  folded  and  metamorphosed  the  Silurian  grit,  and  which  must 
also  have  modified  both  the  Ordovician  and  the  Cambrian  folds.  The 
sections  also  imply  the  existence,  in  places,  of  a  Lower  Cambrian 
land  surface  in  Ordovician  time,  which  became  partially  submerged  in 
Silurian  time. 

DISCUSSION  ANI>  COKCIiUSIONS. 

The  paleontological,  petrographical,  and  stratigraphical  observa- 
tions, given  in  detail,  and  summarized  in  the  table  and  the  sections, 
speak  for  themselves.  It  remains  but  to  discuss  some  of  their  general 
bearings  and  to  draw  a  few  brief  conclusions.  This  will  be  done  under 
separate  topics. 

THREE  CRUSTAL  MOVEMENTS. 

The  evidence  of  the  crustal  movement  (1)  at  the  close  of  the  Lower 
Cambrian  along  the  western  side  of  the  Taconic  Range  is  not  confined 
to  the  unconformable  areal  relations  of  the  Lower  Cambrian  and  Ordo- 
vician in  Columbia,  Rensselaer,  and  Washington  counties,^  nor  to  the 
pebbles  containing  Lower  Cambrian  fossils  found  by  Ruedemann  in 
conglomerates  of  Hudson  (Trenton)  age  and  partially  confirmed  by 
the  occurrence  of  grains  of  clastic  rocks  in  the  Hudson  grit,  but  is 
made  conclusive  by  the  structural  unconformity  of  the  two  formations 
recently  observed  at  the  north  end  of  the  Taconic  Range  in  Rutland 
County,  Vt.* 

The  Taconic  or  Green  Mountain  movement  (2),  which  folded  the 
Ordovician  beds  at  Rondout  and  other  places  in  Ulster  County,  and 
also  in  Orange  County,*^  where  the  Silurian  beds  lie  on  their  eroded 
edges,  also  folded  and  faulted  the  Hudson  shale  of  this  part  of  the 
Hudson  Valley,  and  folded  and  metamorphosed  the  Hudson  beds  of 
the  Taconic  Range. 

To  the  post-Devonian  or  Carboniferous  movement  (3),  which  folded 
both  Devonian  and  Silurian  beds  at  Becraft  Mountain,  in  Columbia 
County^,  must  be  assigned  the  folding  and  the  metamorphism  of  the 
Silurian  grit  of  the  Rensselaer  Plateau.  A  similar  movement  meta- 
morphosed Devonian  fossiliferous  beds  at  Bernardston,  Mass.,  on  the 
west  side  of  the  Connecticut  Valley,  about  50  miles  east  of  the  west 
edge  of  the  Rensselaer  grit  deposit;^'  and  that  movement  may  possibly 

a  For  Washington  County  see  PI.  XIII  and  pp.  290,  291  of  paper  No.  13,  p.  11. 

fcSee  Dale,  T.  Nelson,  The  geology  of  the  north  end  of  the  Taconic  Range:  Am.  Jour.  Sci.  4th  ser., 
vol.  17,  Mar.  1904,  p.  185,  and  map,  PI.  XI. 

eSee  Ries,  Heinrich,  Geology  of  Orange  County:  Fifteenth  Ann.  Rept.  State  Geologist  of  New  York, 
1896,  PI.  XX. 

<f8ee  Emerson,  Benjamin  K..  Geology  of  old  Hampshire  County,  Mass.,  comprising  Franklin, 
Hampshire,  and  Hampden  counties:  Chapter  IX.  The  Bernardston  series  of  upper  Devonian  roqks^ 
and  PI.  IV:  Mon.  U.  S.  Geol.  Surrey,  vol.  29, 1898. 
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have  extended  across  the  Green  Mountain  crvstalline  axis  and  the 
Taconic  sjmclinorium  to  the  Rensselaer  Plateau.  Traces  of  a  secondar}^ 
crustal  movement  have  been  found  here  and  there  in  the  schist  of  the 
Taconic  Range  in  the  form  of  secondary  cleavage  foliations,  sometunes 
plicated  or  followed  by  the  formation  of  fresh  sericite.^ 

THREE   CONGLOMERATES. 

The  lowest  of  these  occurs  within  the  Lower  Cambrian  beds,  and 
implies  a  temporary  emergence  suflScient  to  expose  the  beds  to  Virave 
action  and  thus  to  form  beach  pebbles.  The  next  consists  of  limestone 
pebbles  within  the  Hudson  shale.  It  implies  a  temporary  emergence 
during  Ordovician  time;  and  the  paleontologioAl  evidence  obtained  by 
Ford  and  Ruedemann  from  the  pebbles  shows  that  Lower  Cambrian, 
Chazy,  and  Trenton  rocks  were  above  water  during  that  part  of  Tren- 
ton time.  Whether  these  Trenton  pebbles  came  from  a  distance  or 
from  limestone  beds  formed  in  situ  and  then  exposed  to  wave  action, 
as  in  the  case  of  the  Lower  Cambrian  conglomerates,  may  be  difficult 
to  determine. 

The  third  conglomerate  is  that  of  the  Rensselaer  grit,  formed  in 
Silurian  (Upper)  time.  Its  pebbles  show  that  Cambrian  quartzites 
were  then  above  water  at  no  very  great  distance;  that  slate,  carbo- 
naceous shale  and  grit,  and  marble,  of  Cambrian  or  Ordovician  age, 
were  likewise  above  water;  also  that  detritus  from  coarse  granite?* 
and  fine  gneisses  was  being  brought  into  the  sea  near  bJ^  The  dis- 
tance of  the  plateau  from  the  crystallines  at  the  northwest  (about  25 
miles)  ^  and  at  the  east  (11  miles),  and  the  large  size  of  one  of  the 
granite  pebbles  (12  by  8  by  3  inches),  raise  a  difficultj'^  here.  Mr. 
G.  K.  Gilbert's  suggestion  that  there  may  have  been  a  pre-Cambrian 
mass  in  the  center  of  the  plateau  that  supplied  these  pebbles, 
which  became  concealed  by  the  later  beds  of  the  grit  or  by  drift  or 
swamp,  is  valuable.  Such  a  pre-Cambrian  mass  occurs  at  Stissing 
Mountain,  40  miles  south-southeast  of  the  Rensselaer  Plateau  and 
about  15  miles  west  of  the  Green  Mountain  crystallines.  Further- 
more, the  presence  of  such  a  crystalline  core  in  the  plateau  would 
help  to  account  for  the  metamprphism  of  the  grits,  as  the  crystalline 
core  of  the  Green  Mountain  axis  accounts,  in  part,  for  the  metamor- 
phism  of  the  Paleozoic  sediments  on  either  side  of  it.  Such  a  core  would 
furnish  a  buttress  against  which  the  grits  have  been  pressed  and  thus 
metamorphosed. 

a  See  Mon.  U.  S.  Geol.  Survey,  vol.  23,  p.  143,  Case  IV;  p.  151,  Cose  VIII;  also  pp.  321-324  of  paper  No. 
9,  p.  11  of  this  bulletin;  p.  564,  flg.  566.  of  paper  No.  12,  p.  11  of  thi.s  bulletin. 

'>Sce  Merrill.  Frederick  J.  H.,  Geological  Map  of  New  York,  Exhibiting  the  Structure  of  the  State 
as  far  a.s  Known,  1901. 
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MINOR  OSCILLATIONS. 

Thus,  in  addition  to  the  three  main  crustai  movements,  the  Cambrian 
and  Ordovician  (conglomerates  indicate  a  minor  oscillation  in  Lower 
Cambrian  time  and  another  in  Trenton  time.  There  was  also  an 
emergence  at  the  close  of  Beekmantown  time,  for  the  Hudson  lies 
in  places  immediately  upon  the  Beekmantown,  the  Chazy  being 
absent.  The  full  thickness  of  this  formation  in  the  Lake  Champlain 
region  is  estimated  at  890  feet.**  Mr.  Buedemann's  doubtful  determi- 
nation of  Chazy  graptolites  in  a  40-foot  outcrop  at  the  Deep  Kill  can 
not  suffice  to  substantiate  the  presence  of  a  formation  representing 
such  a  lapse  of  time  as  is  implied  in  the  deposition  of  890  feet  of 
limestone. 

The  writer  in  1901  found  in  the  town  of  Shoreham,  in  Addison 
County,  Vt.,  a  small  anticlinal  hill  of  Potsdam  overlain  by  theTrenton- 
Utica,  the  Beekmantown  and  Chazy  being  absent.  Such  minor  oscil- 
lations seem  to  have  marked  the  entire  Hudson-Champlain  region 
during  Paleozoic  time. 

ABSENT  FORMATIONS. 

The  formation  which,  owing  to  unconformity,  is  not  at  all  repre- 
sented within  this  area,  is  the  Middle  Cambrian.  The  Upper  Cam- 
brian and  the  Chazy  are  also  practically  absent,  besides  possibly  the 
lowest  Trenton.  Of  these  the  Upper  Cambrian,  or  Potsdam  proper, 
occurs  around  the  southern  border  of  the  Adirondack  mass,  25  miles 
north-northwest  of  Troy,  and  the  Chazy  al)out  the  same  distance  in 
north-northeast  and  north-northwest  directions,  and  probably  also 
forms  part  of  the  Stockbridge  limestone,  20  miles  northeast  arid 
southeast  of  Troy.  The  significance  of  the  absence  of  these  forma- 
tions is  that  the  Lower  Cambrian  was  here  a  land  surface  at  least  dur- 
ing Middle  Cambrian  time,  and  that  the  Beekmantown  was  also  a  land 
surface  during  Chazy  time,  and  may  possibly  have  remained  so  during 
very  early  Trenton  time. 

The  absence  of  the  Middle  Cambrian  fauna  agrees  with  the  structural 
evidence  of  movement,  which  involved  the  Lower  Cambrian  beds,  in 
pointing  to  the  existence  of  a  land  surface  here  during  Middle  Cam- 
brian time.  But  the  absence  of  exclusively  Upper  Cambrian  fossils,  as 
well  as  the  mingling  of  the  equivocal  Dictyonema  with  Beekmantown 
graptolites,  indicates  the  submergence  of  the  Middle  Cambrian  land  sur- 
face in  Beekmantown  time  and  the  consequent  immigration  of  Beek- 
mantown graptolites  along  with  the  Dictyonema  which  may  have  sur- 
vived from  the  Upper  Cambrian.    Messrs.  Walcott  and  Schuchert,  to 

aSee  Brainard,  Ezra,  The  Chazy  formation  in  the  Champlain  Valley:  Bull.  Geol.  Soc.  America,  vol. 
2. 1891,  p.  293. 

Bull.  242—04 4 


50  GEOLOGY    OF   HUDSON   VALLEY.  [bull.  242. 

whom  this  question  has  been  submitted,  agree  in  the  opinion  "that  the 
data  at  hand  are  not  clearly  sufficient  to  determine  whether  or  not  the 
mingling  of  the  Dictyonema  with  the  Beekmantown  graptolites  indi- 
cates the  continuance  of  Middle  Cambrian  land  into  the  later  portion 
of  the  Upper  Cambrian  time." 

EQUIVALENT  FORMATIONS. 

The  entire  Lower  Cambrian  series,  shown  in  the  tables  on  pages  29 
and  43,  is  regarded  as  the  offshore  but  shallow- water  equivalent  of  the 
Lower  Cambrian  conglomerate,  quartzite,  schist,  and  dolomite  which 
border  the  Green  Mountain  pre-Cambrian  axis  (Vermont  formation 
and  basal  part  of  Stockbridge  limestone  of  Monograph  XXIII).  It 
is  assumed  that  sediments  of  Lower  Cambrian  age  forming  the  base 
of  the  Taconic  synclinorium  are  continuous  from  Hoosac  Mountain  to 
Troy,  with  a  possible  interruption  by  an  island  of  pre-Cambrian  within 
the  area  of  the  Rensselaer  Plateau,  but  that  the  character  of  these 
sediments  changes  with  the  distance  from  the  highlands  of  pre-Cam- 
brian time  and  with  the  westward  decrease  of  metamorphism.  The 
Lower  Cambrian  series  is  also  regarded  as  equivalent  to  the  Green- 
wich formation  of  Washington  County,  N.  Y.,  and  Rutland  County, 
Vt.,  where,  however,  the  moderate  metamorphism  and  the  regularity 
of  the  compression  which  attended  the  crustal  movement  at  the  close 
of  the  Lower  Cambrian  changed  the  shale  into  slate,  and  where  also 
the  basal  part  of  the  formation  as  exposed  in  Rensselaer  County  (hori- 
zons A  to  E  of  table  on  p.  29)  does  not  appear  to  be  exposed.^ 

The  Beekmantown  of  the  Hudson  Valley  is  regarded  as  the  equiva- 
lent of  the  Beekmantown  part  of  the  Stockbridge  limestone.  That 
formation  represents  the  upper  part  of  the  Lower  Cambrian,  the  Beek- 
mantown, the  Chazy,  and  the  lower  part  of  the  Trenton.  The  Stock- 
bridge  limestone  usually  disappears  from  east  to  west  under  the 
Hudson  schist  of  the  Taconic  Range,  owing,  it  is  now  thought,  to  the 
presence  of  a  Lower  Cambrian  shore  line  there  and  to  the  overlapping 
of  that  limestone  along  that  shore  line  by  the  Hudson  schist  (Berk- 
shire schist)  during  a  submergence  which  took  place  in  Trenton  time.* 
As  the  fossiliferous  Trenton  limestone  along  the  west  edge  of  the  pla- 
teau in  Nassau  is  associated  with  shale,  it  probably  belongs  to  the 
Hudson  formation  and  not  to  the  Stockbridge  limestone.  For  these 
reasons  the  Beekmantown  shale  of  the  Hudson  Valley,  although 
equivalent  to  the  Beekmantown  part  of  the  Stockbridge  limestone,  is 
regarded  as  belonging* to  different  basins  which  were  separated  by  an 
island  (?)  of  Lower  Cambrian. 

The  Rensselaer  grit  is  regarded  as  the  equivalent  of  the  Oneida  and 

a  See  table  opposite  p.  178  of  paper  No.  18,  p.  11. 
I>See  op.  cit.  on  Dorth  end  of  Taconic  Range. 
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the  Medina.  Its  estimated  thickness  of  1,400  feet  compares  fairly  well 
with  the  estimates  for  these  formations  in  western  New  York  of  1,158 
feet,**  and  in  Pennsylvania  of  1,125  feet.* 

DENUDATIONS. 

One  of  the  marked  features  of  the  region  is  the  repeated  denuda- 
tion which  it  has  undergone.  Passing  by  the  denudation  which 
accompanied  the  minor  emergence  that  produced  the  Cambrian  con- 
glomerate, the  first  important  denudation  began  in  Liower  Cam- 
brian time  and  continued  during  Middle  and  Upper  Cambrian 
Upon  the  eroded  Lower  Cambrian  surface  the  Beekmantown  and 
Hudson  shales  were  deposited.  But  as  both  the  Hudson  (Trenton) 
grit  and  the  Rensselaer  grit  (Oneida-Medina)  contain  pebbles  of 
Lower  Cambrian  age,  denudation  of  a  portion  of  the  Cambrian  sur- 
face must  have  gone  on  in  Ordovician  and  early  Silurian  time.  Omit- 
ting the  denudation  which  accompanied  the  minor  emergence  implied 
in  the  Ordovician  conglomerate,  there  is  the  unconformity  between 
the  Beekmantown  and  the  Trenton,  representing  a  time  interval  suffi- 
cient for  the  deposition  of  890  feet  of  limestone  in  the  Champlain 
region,  during  which  much  denudation  must  have  taken  place.  It  is 
uncertain,  however,  whether  the  absence  of  the  Beekmantown  shale 
from  so  large  an  area  of  Lower  Cambrian  is  to  be  attributed  to  the 
denudation  of  Chazy  time  or  to  a  later  one.  The  next  important 
denudation  followed  the  Green  Mountain  movement  and  affected  the 
Hudson  shale  and  schist.  As  the  Hudson  shale  (e.  g.,  at  Rondout 
and  Becraft  Mountain)  was  eroded  before  the  deposition  of  the  Silu- 
rian, it  follows  that  the  transition  from  the  Ordovician  to  the  Silurian 
was  not  simply  attended  by  a  retreat  of  the  sea  consequent  upon  the 
folding  and  elevation  of  the  Ordovician  beds,  but  that  after  these 
folded  beds  had  been  eroded  there  occurred  a  sufficient  submergence 
to  bring  the  sea  back  again  over  the  denuded  Ordovician  surfaces  east 
of  the^  Hudson,  at  least  bi\  far  as  the  eastern  edge  of  the  Rensselaer 
Plateau. 

As  the  Rensselaer  Plateau  lies  in  some  places  upon  Hudson  beds  and 
in  others  upon  Lower  Cambrian  beds,  it  is  evident  that  where  it  overlies 
the  Lower  Cambrian  that  surface  had  either  been  denuded  of  its  Ordo- 
vician beds  or  else  formed  part  of  the  Cambrian  surface  which  had 
remained  above  water  during  Ordovician  time  and  which  became  sub- 
merged in  the  Silurian  transgression.  It  may  not  be  possible  to 
determine  which  of  these  two  possibilities  is  a  probability. 

a  Promer,  Charlee  8..  The  thickness  of  the  Deyonian  and  Slluiian  rocks  of  central  New  York:  Bull 
Geol.  Soc.  America,  vol.  4,  p.  117. 
b  Lesley,  J.  1^.,  Second  Qeol.  Survey  of  Pennsylvania,  Final  Report. 
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But  there  was  also  a  third  denudation,  which  began  at  the  close  of  the 
Oneida  and  Medina  and  which  eventually  severed  the  Bensselaer  Plateau 
from  theoutljing  masses  in  Nassau,  Chatham,  and  Austerlitz.  The  two 
outliers  of  Hudson,  lying  in  the  same  synclinal  axis,  must  have  once  been 
continuous.  It  is  a  question  whether  the  denudation  which  removed  the 
intervening  mass  of  Hudson  shale  and  thus  reexposed  the  old  Cam> 
brian  land  surface  was  that  which  occurred  between  the  Oixlovician 
crustal  movement  and  the  Silurian  tmnsgression,  or  whether  the  post- 
Silurian  denudation  did  the  major  part  of  the  work.  In  this  case,  as 
the  time  interval  since  the  post-Devonian  or  Carboniferous  crastal 
movement  was  so  much  greater,  it  seems  probable  that  the  work  was 
done  mostly  during  the  third  period  of  denudation,  although  at  the 
beginning  of  that  period  a  certain  thickness  of  Silurian  would  have  to 
be  removed  before  the  partially  eroded  Ordovician  surface  could  have 
again  been  reached. 

EXTENT  OF  THE   LOWER  CAMBRIAN   LAND  SURFACE. 

The  Lower  Cambrian  land  surface  was  bounded  on  the  north  and 
northwest  by  the  sea  which  formed  the  Upper  Cambrian  (Potsdam) 
deposits  about  the  Adirondack  mass  and  on  the  east  side  of  Lake 
Champlain,  but  the  data  require  a  Lower  Cambrian  land  surface  dur- 
ing Ordovician  time  not  very  distant  from  the  conglomerate  bed  at 
Rysedorph  Hill,  nor  from  the  Hudson  grit  in  general.  Such  a  sur- 
face would  have  to  lie  east  of  the  axis  of  the  two  outliers.  If  the 
Cambrian  area  in  Pittstown  and  Brunswick  be  followed  around  the 
northern  end  of  the  plateau  it  will  be  found  to  connect  with  one  which 
terminates  near  the  village  of  Cambridge  in  Washington  County." 
There  appears  to  be  a  continuous  Lower  Cambrian  surface  at  least 
from  the  Columbia  County  line  to  Cambridge,  a  distance  of  about  35 
miles,  and  in  width  from  2  to  4  miles,  which  is  the  distance  between 
the  plateau  and  the  Hudson  outliers  or  masses  on  the  west.  As  the 
northwestern  part  of  the  Rensselaer  Plateau  lies  on  the  Lower  Cam- 
brian it  is  possible  that  the  area  west  of  a  line  running  north-northwest 
from  North  Nassau  under  the  plateau  to  Potter  Hill,  in  the  town  of 
Hoosic,  may  have,  in  Ordovician  time,  formed  part  of  the  Cambrian 
land  surface.  In  that  case  the  width  of  that  surface  would  have  been 
2  to  3  miles  greater.  But  the  data  also  require  a  Cambrian  land  sur- 
face during  Silurian  time  on  the  landward  side  of  the  Rensselaer  grit. 
As  the  Silurian  transgression  presumably  came  from  the  southwest, 
this  Cambrian  area  would  have  to  lie  north  of  the  plateau,  and  it 
would  also  have  to  be  south  of  Cambridge.  It  would  thus  form  the 
northern  part  of  the  area  just  outlined. 

a  See  map,  PI.  XIII,  of  paper  No.  13,  p.  U. 
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EXTENT  OF  THE   BASAL  SILURIAN   BEDS. 

The  Rensselaer  grit  of  the  plateau  and  its  three  outliers  must  needs 
have  been  originally  connected  and  also  continuous  with  other  Silurian 
deposits.  The  geographical  relations  of  the  Rensselaer  grit  to  the  Silu- 
rian formations  west  of  the  Hudson  River  are  shown  on  the  Lower 
Hudson^  the  Hudson-Mohawk,  and  the  Central  sheets  of  Merrill's 
geological  map  of  New  York.'*  It  will  be  noticed  that  the  northern 
edge  of  the  Rensselear  Plateau  is  in  nearly  the  same  latitude  as  the 
boundary  between  the  Silurian  (Oneida-Medina)  and  the  Ordovician 
(Hudson)  in  Herkimer  County,  and  that  its  southern  part  is  in  line 
with  the  southern  continuation  of  the  same  boundary  along  the  Kitta- 
tinny  Mountain.  The  plateau  thus  lies  at  the  apex  of  the  angle  formed 
by  the  receding  shore  line  of  Silurian  and  Devonian  time,  as  indicated 
by  the  outcrops.  The  west-northwest  and  east- northeast  strikes  at 
the  north  end  of  the  plateau  and  the  east-northeast  one  in  the  Hudson 
shale  on  Mount  Rafinesque  are  either  related  to  the  general  movement 
which  resulted  in  the  general  east-west  course  of  the  boundary 
between  the  Ordovician  and  the  Silurian  across  the  State  of  New  York 
or  else  are  due  to  transverse  folding.  For  all  these  reasons  it  may  be 
assumed  that  the  grit  mass  now  forming  the  plateau  was  near  the  end 
of  the  Silurian  bay;  but  in  theTaconic  Range,  in  the  northern  half  of 
Rutland  County,  Vt.,  about  57  miles  north-northeast  of  the  northern 
edge  of  the  plateau,  lies  another  mass  of  grit  and  conglomerate,  also 
containing  pebbles  of  Cambrian  quartzite  and  also  overlying  the  Hud- 
son schist,  but  only  about  500  feet  in  thickness,  and  covering  not  quite 
4  square  miles.*  The  bay  of  Silurian  time  may  thus  possibly  have 
sent  an  arm  up  the  Champlain  Valley. 

HISTORICAIi  GEOIiOGY. 

With  the  aid  of  these  conclusions  the  main  outlines  of  the  geological 
history  of  this  portion  of  the  Hudson  Valley  ma}'  be  tentatively  drawn. 
As  the  presence  of  a  core  of  pre-Cambrian  granite  and  gneiss  within 
the  Rensselaer  Plateau  area  is  not  yet  established,  geological  history 
does  not  begin  here  until  after  the  Cambrian  transgression,  and  it 
begins  with  the  presence  of  the  Lower  Cambrian  sea,  with  its  fauna 
chiefly  of  trilobites,  brachiopods  and  pteropods,  and  a  flora  abound- 
ing in  Oldhamia^  if  it  be  a  plant.  The  sediments  were  alternately 
sandy,  clayey,  and  calcareous-organic.  The  sea  was  shallow  and  there 
was  one  slight  emergence  of  short  duration  during  a  general  gradual 
subsidence.  At  the  close  of  Lower  Cambrian  time  a  crustal  movement 
folded  these  sediments,  and  the  sea  retreated  northward,  northwest- 
ward, and  possibly  in  other  directions.     The  new  land  surface  became 


o  Op.  clt.  b  See  paper  No.  14,  p.  11. 
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exposed  to  atmospheric  erosion  during  Middle  and  Upper  Cambrian 
time.  Toward  the  close  of  Upper  Cambrian  time,  at  least  the  western 
part  of  this  Cambrian  land  surface  became  submerged  and  the  Beek- 
.mantown  graptolites,  together  with  some  surviving  Upper  Cambrian 
forms,  appeared.  This  submergence  was  of  relatively  short  duration, 
and  an  emergence  took  place  during  Chazy  time  which  may  have  lasted 
into  early  Trenton  time,  when  another  submergence  occurred.  Another 
great  series  of  sandy,  clayey,  and  calcareous  sediments  was  then 
deposited,  also  upon  a  shallow  subsiding  sea  floor.  An  abundant 
graptolite  fauna  (Normans  Kill)  flourished,  and  at  intervals  a  Trenton 
fauna  of  tetracorallia,  crinoids,  gastropods,  polyzoa,  brachiopods,  trilo- 
bites,  etc.'*  One  or  more  brief  emergences  and  submergences  occurred 
in  places  during  this  time,  resulting  in  the  formation  of  conglomer- 
ates, the  pebbles  of  which  show  that  limestone  rocks  of  Lower  Cam- 
brian, Chazy,  and  Trenton  age  were  above  water  at  no  great  distance. 

At  the  close  of  Ordovician  time  the  powerful  crustal  movement 
which  formed  the  Taconic  Range  folded  the  Trenton  and  Beekmantown 
sediments  and  with  them  refolded  and  faulted  the  Lower  Cambrian  sea 
bottom.  The  metamorphism  attending  this  movement  extended  to 
the  western  foot  of  the  Taconic  Range.  The  sea  i-etreated  southward 
and  westward.  A  period  of  denudation  set  in  which  affected  the 
Ordovician  beds  and  still  further  eroded  the  Lower  Cambrian  areas 
(islands?),  which  had  remained  unsubmerged  during  Ordovician  time. 
Then  came  the  Silurian  transgression,  which  again  submerged  the 
Ordovician  areas  and  part  of  the  still  exposed  Lower  Cambian  area. 
The  Silurian  sea  formed  a  bay,  the  wider  part  of  which  seems  to  have 
terminated  in  the  region  of  the  Rensselaer  Plateau.  The  sediments 
deposited  at  thLs  time  were  alternately  clayey  and  sandy,  with  occa- 
sional pebbly  beds,  the  pebbles  of  which  came  from  pre-Cambrian 
coarse  granites  and  fine  gneisses  above  water  at  no  great  distance,  and 
also  from  Lower  Cambrian  quartzites  and  from  slate,  shale,  grit, 
and  marble  of  Lower  Cambrian  or  Ordovician  age.  The  land  areas 
from  which  the  Cambrian  pebbles  came  were  probably  north  of  the 
plateau. 

These  Silurian  beds  may  have  become  exposed  to  denudation  soon 
after  their  deposition,  owing  to  a  slight  emergence  and  the  retreat  of 
the  shore  line  in  the  Silurian  bay.  However  that  may  have  been,  at 
the  close  of  Devonian  or  of  Carboniferous  time  these  beds  were  folded 
and  somewhat  metamorphosed,  and  this  movement  also  affected  the 
Ordovician  sea  bottom.  The  region  has  been  greatly  denuded  since 
Devonian  time,  and  this  denudation  was  greatly  facilitated  by  one  or 
more  uplifts  and  finally  by  glacial  action.  The  extent  of  this  denu- 
dation is  shown  by  the  outliers  of  Hudson  shale  and  Rensselaer  grit, 

a  See  p.  101  of  paper  No.  16,  p.  11. 
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and  8till  more  by  the  isolation  of  the  three  masses  of  Rensselaer  grit 
from  other  Silurian  deposits  of  the  same  age. 

This  region  thus  shows  the  effects  of  three  tmnsgressions  (Lower 
Oambrian,  Ordovician,  and  Silurian),  three  or  more  minor  recessions 
and  advances  of  the  sea  (one  in  Lower  Cambrian  and  one  or  more  in 
Trenton),  of  three  crustal  movements  (Lower  Cambrian,  Ordovician, 
and  Devonian  or  Carboniferous),  and  of  four  periods  of  denudation 
(at  close  of  Lower  Cambrian,  of  Beekmantown,  of  Trenton,  and  in  post- 
Silurian  time),  besides  those  attending  the  minor  recessions  in  Lower 
Cambrian  and  Trenton  time.  The  history  of  this  portion  of  the  Hud- 
son Valley  was  eventful  indeed. 

The  facts  presented  will  also  be  found  to  have  some  bearing  upon 
the  geographic-paleontological  theories  recently  set  forth  by  Messrs. 
Ulrich  and  Schuchert.     (See  paper  No.  18,  p.  11). 

ECONOMIC  GEOI4OGY. 

The  rocks  of  this  tract  have  thus  far  proved  of  little  economic  value. 
The  Cambrian  limestone  breccia,  when  in  beds  of  sufficient  thickness, 
makes  a  good  building  stone  of  unique  appearance.  The  Hudson  grit 
is  used  for  foundations.  The  carbonaceous -siliceous  shales  of  the 
Hudson  formation,  quarried  near  Grand  view  Hill,  are  useful  for  country 
roads,  and  the  shales  of  all  the  formations  are  serviceable  for  applica- 
tion to  sandy  roads.  The  red  shales  of  the  Lower  Cambrian  (horizons 
A,  C,  E,  of  table  on  p.  29),  quarried  west  of  Burden  Lake,  and  of  the 
Silurian  Rensselaer  grit  have  been  used  in  the  manufacture  of  putty 
and  paint.  The  coai'ser  beds  of  the  Rensselaer  grit,  with  their  dark- 
green  matrix  and  occasional  white,  reddish,  and  bluish  pebbles,  become 
a  l)eautiful  rock  when  polished^  and  would  answer  for  indoor  decora- 
tion. Efforts  to  utilize  it  for  outdoor  purposes  have  failed  because  of 
the  small  percentage  of  lime  in  the  matrix,  the  surface  of  which,  under 
continued  exposure,  thus  acquires  a  spongy  texture. 

But  the  chief  economic  value  of  these  formations  lies  in  their  relation 
to  agriculture.  The  greenish  shale  of  the  Lower  Cambrian  (horizons 
C,  E,  H),  which  covers  so  many  square  miles  of  the  valley,  owing  to 
its  numerous  planes  of  bedding,  cleavage,  and  jointing,  and  to  the 
action  of  rain,  changes  of  tempemture,  and  frost,  breaks  up  into 
roughly  quadrangular,  stick-like  fragments  which  gradually  pass  into 
a  clayey  subsoil  and  soil.  Upon  this,  rye,  which  is  one  of  the  chief 
products  of  Rensselaer  County,  and  is  cultivated  as  much  for  its  straw 
as  for  its  grain,  fhrives.  Specimens  of  soil  and  subsoil  of  this  origin, 
from  typical  rye  lands  in  this  county,  were  submitted  in  1894  to  Prof. 
Milton  Whitney,  of  the  United  States  Department  of  Agriculture,  for 
mechanical  analysis.     The  results  of  the  analyses  are  as  follows: 

a  Bee  PI.  C  of  paper  No.  9,  p.  11,  for  a  colored  lithograph  of  polished  specimens. 


56 


GEOLOGY    OF   HUDSON   VALLEY. 


[BULL.  242. 


Mechanical  analysis  of  soils  from  Rensselaer  County ^  N.  K 


Moisture  in  tiir-dry  sample — 

Organic  matter 

Gravel  (1-2  mm.) 

Coarse  sand  (0.6-1  mm. ) 

Medium  sand  (0.26-0.5  mm.) . 

Fine  sand  (0.1-0.25  mm. ) , 

Very  fine  sand  (0.06-0.1  mm.) 

Silt  (0.01-0.05  mm.) 

Fine  silt  (0.006-0.01  mm.) 

Clay  (0.0001-0.005  mm.) 

Material  lai^er  than  2  mm 

"Fine  earth" 


1721, 
soil. 

Percent 
2.48 
8.17 
7.03 
4.66 
4.64 
3.93 
19.47 
35.37 
6.61 
8.68 

1722. 
subsoil. 

^ 

Ptr  ceiU. 
2.02 

6.42 

7.71 

4.33 

3.74 

3.69 

19.00 
84.17 

8.21 

10.60 

38.00 
62.00 

100.00 

22.00 

78.00 

100.00 

Professor  Whitney,  in  a  letter  to  the  writer,  offered  the  following 
remark  on  these  analyses: 

I  think  it  is  not  hard  to  point  out  the  reason  why  this  soil  is  considered  poor  and 
why  it  is  not  adapted  to  wheat  and  grass.  If  the  soil  were  compose<i  wholly  of  the 
fine  earth  and  had  none  of  the  coarse  material  of  the  undecomposed  shale,  the  soil 
itself  would  contain,  according  to  our  analysis,  8.53  per  cent  of  clay  and  the  subsoil 
10.60  per  cent.  This  would  be  much  less  than  is  necessary  for  a  good  wheat  land, 
except  in  cases  where  there  is  a  large  amount  (45  per  cent  or  over)  of  silt  The 
samples  would  be  considered  too  light  in  texture  for  wheat  or  grass  and  not  suf- 
ficiently retentive  of  moisture.  These  have,  however,  about  the  same  texture  as  gooil 
fruit  land  with  us,  especially  adapted  for  peaches.  When  we  consider,  however, 
that  this  fine  earth  represents  only  about  62  per  cent  of  the  soil  and  78  per  cent  of 
the  subsoil,  while  the  remaining  38  per  cent  in  one  case  and  22  per  cent  in  the  other 
is  coarse,  inert  material,  it  will  be  seen  that  the  actual  amount  of  clay  in  the  soil  is 
very  much  less  than  would  be  indicated  by  the  mechanical  analyses  of  the  fine  earth. 
Instead  of  there  being  10  per  cent  of  clay  in  the  sqbsoil  there  would  be  very 
much  less  than  this,  and  too  little,  I  should  say,  to  give  the  proper  supply  of  water 
to  the  staple  agricultural  crops. 

As  a  matter  of  observation,  rye  seems  to  have  such  an  affinity  for 
this  Cambrian  shale  that  the  stalks  will  grow  almost  on  a  bare  ledge  of 
it.  Under  the  microscope  this  shale  is  seen  to  consist  largely  of 
potash  mica  (see  PI.  II,  B)^  and  as  the  ash  of  the  grain  contains  32.10 
per  cent  and  that  of  the  straw  22.56  per  cent  of  potash^  there  may 
be  a  slight  chemical  relationship  between  the  supply  of  potash  by  the 
soil  and  its  requirement  by  the  plant,  which,  added  to  the  permeability 
and  other  physical  properties  of  the  soil,  makes  it  peculiarly  favorable 
for  the  cultivation  of  rye. 

The  region  also  affords  an  illustration  of  the  effect  of  the  uneconomic 
use  of  geological  and  topogmphical  conditions — i.  e.,  of  unwise  defor- 


aStrassbuiser,  Noll,  Schenck,  and  Schimper,  Lehrbuch  der  Botanik,  2d  ed.,  Jena,  1896,  p.  147. 


DALK.]  SUBJECTS    FOR    FURTHER   INVESTIGATION.  57 

estation.^  The  Rensselaer  Plateau  is  the  natural  source  of  water  supply 
for  towns  along  the  east  shore  of  the  Hudson  for  a  stretch  of  20  miles, 
but  it  was  deforested  over  a  half  century  ago,  with  the  effect  of 
diminishing  the  quantity  and  lowering  the  quality  of  the  supply. 

SUBJECTS  FOB  FURTHER  INVESTIGATION. 

These  geological  studies  indicate  the  directions  in  which  further 
investigations  are  needed.     These  are: 

(1)  Very  minute  exploration  of  the  Rensselaer  Plateau  area  for  a 
pre-Cambrian  mass. 

(2)  The  determination  of  the  structure  of  the  bed  or  beds  of  lime- 
stone conglomerate  in  the  Moordener  Kill,  in  order  to  ascertain  whether 
there  was  more  than  one  emergence  in  Hudson  time. 

(3)  A  careful  search  for  Beekmantown  graptolites  in  the  areas 
mapped  as  Lower  Cambrian,  with  a  view  to  determining  the  exact  areal 
extent  and  the  thickness  of  the  Beekmantown  formation. 

(4)  Further  search  for  fossils  in  the  belt  of  shale  with  small  quartz- 
ite  beds  which  lies  between  Schaghticoke  and  Valley  Falls  and  extends 
north  to  the  Washington  County  line. 

(5)  Search  for  favorable  points  for  the  measurement  of  the  Lower 
Cambrian  shale  horizons  A,  C,  E,  H,  with  a  view  to  making  a  more 
nearly  correct  measurement  of  the  thickness  of  the  Lower  Cambrian 
exposed. 

(6)  The  extension  of  the  areal  and  structural  work,  thus  begun,  into 
Columbia  County  to  that  point  where  the  Ordovician  areas  on  each 
side  of  the  Cambrian  meet,  and  also  northward  into  Washington 
County. 

nSee  p.  299  of  |»aper  No.  9,  aud  a  quotation  from  Spafford  in  paper  No.  21,  in  list  on  p.  11  of  this 
bulletin. 


INDEX. 


A. 


Pftgo. 


AlgsB,  occurrence  of 18 

Alps,  rocksnear 40 

Analyses  of  soils,  results  of 65-66 

Aries,  Lake,  calcareous  sandstone  near, 

flgureshowing 16 

fossils  near 80,33 

rocksnear 24-88 

sections  near,  diagrams  showing 86 

Ashley  Hill,  rocksnear 16,28-84,88 

sections  at  and  near,  diagrams  show- 
ing        84 

AusterlitK  Town,  rocks  in 88 

B. 

Bald  Mountain.    See  Bice  Monntam. 

Becraft  Mountain,  folding  at 44,47 

folding  at,  Orabau,  A.  W.,  cited  on  . .       44 

Beekmantown  shale,  character  of 48 

equlralentof 48,60 

folding  of 44-47 

fossils  in 8r)-81 

occurrence  of 18,89,80,38 

petrography  of 81 

relations  of 81-88,37-«,43 

stratigraphy  of 31-88 

thickness  of 88 

Beekmantown  time,  conditions  in 4B 

Bibliography,  table  of 10-11 

Bishop,  I.  P.,  cited  on  fossils  of  Columbia 

County,  N.  Y 84,36 

Brachiopods,  occurrence  of 18,84,68,54 

Brainard,Ezra,  cited  on  Chazy  formation.       49 

Brunswick  Town,  rocks  in 88, 41-48 

Burden  Lake,  rocks  near 17 

section  near 46 


C. 


84 


Calymene,  occurrence  of 

Cambrian,  Lower,  crustal  moTement,  oc- 

currenceof 47,58 

Cambrian,  Lower,  denudation,  extent  of.  61 
Oambrian,  Lower,  fossils,  localities  of . ..  18-14 
Cambrian,  Lower,  limestone,  relations 

of,  Slagrams  showing ...  84, 25, 86, 46 
Cambrian,  Lower,  oscillation,  occurrence 

of 49 

Cambrian,  Lower,  rocks,  character  of...  16,48 

conglomerate  in 48 

Dale,  T.  Nelson,  cited  on 14,16,16 

discuasionof .- 13-80 

equivalents  of 43,60 


Page. 
Cambrian,  Lower,  rocks,  Foerste,  A.  F., 

cited  on 16,86 

folding  of 44-47 

occurrence  of 18,16,31,85 

petrography  of 14-17 

relations  of 14,81,27,30-38,87,48,44 

Ruedemann,  R.,  cited  on 81 

sections  of,  diagrams  showing 18, 

81,88,84,25,86,87,88 

stratigraphy  of 17-89 

tableshowing 89 

thicknessof 17-18,88 

value  of 65 

Cambrian,  Lower,  sandstone,  microscoi>- 
ical  sections  of,  figures  show- 
ing   - 80 

Cambrian,  Lower,  shale,  organic  impres- 
sions in,  figure  showing 14 

Cambrian,  Lower,  time,  conditions  in...      50, 

51,58,58 
conditions    in,    Schuchert,   Charles, 

citedon 49-«) 

Walcott,  Charles  D.,  cited  on 49-50 

Cambrian,  Middle,  rocks,  absence  of 80, 

89^33,88,49 
Cambrian,  Middle,  time,  conditions  in .  49, 53-54 
Cambrian,  Upper,  rocks,  possible  occur- 
rence of 31 

probable  absence  of 30,38-83,88,49 

Cambrian,  Upi)er,  time,  conditions  in...  58-54 
Carboniferous  crustal  movement,  occur- 
rence of 47 

Castleton,  fossils  near 83 

Chatham,  fossils  near 33,85 

rocksnear 88-89 

Chatham  Town,  fossilsin 84 

rocks  in 88-84,86 

Chasy  formation,  Brainar d ,  Ezra,  cited  on       49 

equivalent  of 50 

occurrence  of 31,49 

probable  absence  of 38-33,38, 49 

Ruedemann,  R.,  cited  on 49 

thicknessof 49 

Chazy  time,  conditions  in 49,54 

Clark,  P.  Edwin,  cited  on  unconformi- 
ties        44 

Climacograptus  bicomis,  occurrence  of.       88 

par  vus,  oocurrence  of 88 

Clonograptus,  occurrence  of 43 

flexilis  (Hall) ,  occurrence  of £0 

proximatus  ( Matthew ) ,  occurrence  of       31 
near  Salter!  (Hall),  occurrence  of —       80 

59 


60 


INDEX. 


Pago. 
Ck>hoe8  atlas  sheet,  portion  of,  in  area  dis- 

cnased,  mention  of 9 

Columbia  County,  ijortion  of,  in  area  dis- 
cussed, mention  of 9 

Congloinerates,  occurrence  of 48 

Coonradt  farm,  section  at,  diagram  show- 
ing        21 

Corynoides  calicularis,  occurrence  of 33 

Crinoids,  occurrence  of -94,64 

Crustal  movements,  Emerson,  B.  K.,  cited 

on 47 

occurrence  of 4ft-47 

Curtis  Mountain,  elevation  of 12 

rocks  at  and  near 22,28 

section  of,  diagram  showing 28 

D. 

Dale,  T.  Nelson,  cited  on  Green  Moun- 
tain region 25 

cited  on  Hudson  formation 85,86 

cited  on  Lower  Cambrian  rocks, . .  14, 15, 16 

cited  on  Oldhamia  fossils 13-14 

cited  on  olive  grit 15 

cited  on  Rensselaer  grit 34,85,38 

cited  on  sandstone,  oalcareous 15 

cited  on  unconformity 47 

fossils  found  by 80 

oscillation,  traces  of,  found  by 49 

photograph  taken  by,  figure  drawn 

from 14 

Darton,  N.  H.,  cited  on  unconformities..       44 
Davis,  Wm.  M.,  cited  on  unconformities.       44 

Deep  Kill,  fossils  near 80-81,33, 49 

Deforestation,  loss  from 56^7 

Defreestville,  fossils  near "  80 

rocks  near 87 

section  near,  diagram  showing 25 

Denudations,  extent  of 54-65 

occurrence  of 51 

Devonian  bees,  metamorphism  of 47 

thickness  of,  Lesley,  J.  P.,  cited  on. . .       51 

Prosser,  C.  S.,  cited  on 51 

Dichograpsus  sp. ,  occurrence  of 80 

Dicranograptus  ramosus,  occurrence  of .       88 

Dictyonema,  occurrence  of 43,49,50 

labelliforme  (Eichwald),  occurrence 

of 81 

murrayi  (Hall),  occurrence  cf 80 

near  irregulare  (Hall),  occurrence  of.       80 
Didymograptus  Sagittarius,  occurrence 

of 83 

Diplograptus   angustlfolius,  occurrence 

of 88 

cf .  angustlfolius,  occurrence  of 83 

foliaceous,  occurrence  of .88 

soxtens,  occurrence  of 88 

Draina^  of  area  discussed,  features  of . .       12 
Dusenbery  Ridge.    See  Curtis  Mountain. 

E. 

East  Greenbush,  rocks  at 86 

East  Greenbush  Town,  rocks  in 24-25 

East  Nassau,  rocks  near 40 

Economic    geology.    See    Geology,   eco- 
nomic. 
Elevations,  character  of 11-12 


Page. 
Emerson,  B.  K.,  cited  on  crustal  move- 
ments         47 

Erosion.    See  Denudation. 

F. 

Faulting,  Ford,  S.  W.,  cited  on 28 

occurrence  of 9,28,80,83 

See  oUq  Overthrusts. 

Field  work,  extent  of 10 

Foerste,  A.  F.,  cited  on  Lower  Cambrian 

rocks 16,28 

figure  cited  from 26 

fossil  determinations  by 18 

fossils  found  by 10,38,84,36 

photograph  taken  by,  figure  drawn 

from U 

Folding,  occurrence  of 9,88,54 

periods  of 44-47 

Ford,  S.  W., cited  on  fault  near  Schodack 

Landing 27-28 

cited  on  Hudson  formation 87 

cited  on  Trenton  conditions 48 

fossil  determinations  by 18 

fossil  localities  discovered  by 10 

Formations,  age  of 9 

character  of 9 

relationsof 9 

rteum^of 43 

tableof 43 

Fossils,  determinations    of,  by  Foerste, 

A.  F 13 

determinations  of,  by  Ford,  S.  W 18 

by  Gurley,  B.  B 33 

by  Schuchert,  Charles 80,38 

by  Walcott,  Charles  D 13-14, 27 

discovery  of,  by  Dale,  T.  Nelson 80 

by  Foerste,  A.  F 10.83.34,35 

by  Ford,  8.  W 10 

by  Walcott,  Charles  D 10 

obscure  character  of 9 

Fossils  and  fossil  localities,  occurrence  of  13-14, 

16, 80-81, 88-%,  89, 43, 49 
Fossils  of  Columbia  County,  Bishop,  I.  P., 

cited  on 84,36 

Fossil  localities,  Ruedemann,  R.,  cited  on.  80, 38 

G. 

Gastropods,  occurrence  of 34-85,54 

Geological  history  of    area    discussed, 

sketch  of 63-« 

Geological  map  of  area  discussed 12 

Geological  Survey,  work  of 9.10 

Geology,  economic,  discussion  of 55-67 

problems  of 9 

summary  of 12-13,44-47 

Gilbert,  G.  K.,  cited  on  Silurian  condi- 
tions         46 

Glacial  deposits,  occurrence  of 9 

Grabau.  Amadeus  W.,  cited  on  Becraft 

Mountain  folding 44 

Grafton  Town,  section  in,  diagram  show- 
ing         46 

Grant  Hollow,  rocks  at  and  near 15, 36 

Graptolites,  occurrence  of 30, 33, 49-50, 54 

Graptolithus  bifidus  (Hall),  o(^currence 

of 80 

bryonides  (Hall),  occurrence  of 80 


INDEX. 


61 


Page. 
Graptolitbns    quadribrachiatns    (Hall),  ' 

occurrenceof 30  ' 

Green  Mountain  crostal  morexnent,  oc- 

currencoof 47 

Oreen    Mountain  Range,  metamorphic 

zoneof 9 

Oreen  Mountain  region.  Dale,  T.  Nelson, 

citedon 25 

Greenwich  slate,  equivalent  of 43, 60 

Greenwich  Town,  fault  in 80 

Grit,  olive.  Dale,  T.  Nelson,  cited  on 16 

occurrenceof 14-15,27-80 

relationsof 27 

Gorley,  R.  R.«  fossils  identified  by dO 


H. 


Hematite,  variations  in  amount  of 17 

History,  geological,  sketch  of 58-66 

Hoag  Corners,  rocks  near 41 

section  near,  diagram  showing 21 

Hooeic  River,  foesilB  on .  83 

Hudson  formation,  character  of 85-86, 48 

conglomerate  in 48 

Dale,  T.  Nelson,  cited  on 86,88 

diacuasionof 83-80 

equivalent  of 43,60 

folding  of 44-47 

Ford,  S.  W.,  citedon 87 

fossils  in 33-36 

occurrenceof 30-38,38 

petrography  of 86-36 

relationsof 21,26-88.30-32.87,41,43,44 

relations  of,  section  showing 46 

Ruedemann,  R.,  cited  on 37 

stratigraphy  of 38-«7 

value  of 65 

Hudson  grit,  microscopic  section  of 20 

Hudson  Valley,  portion  discussed,  area 

and  boundaries  of 9 

Hyolithellus,  occurrence  of 87 

Hyolithes,  occurrence  of 27,43 

I. 

Ida,  Liake,  rocks  near 14-15,27 

Investigations,  further,  need  of 67 

subjects  for 67 

K. 

Kinderhook  atlas  sheet,  portion  of,  in 

area  discussed,  mention  of 0 

Kinderhook  Creek,  location  of 12 

sections  at  and  near 18,89 

diagram  showing 18 

L. 

Lansingburg  Town,  rocks  in 15-10, 88 

section  in 27 

Lasiograp t us  m  ucrona tus,  occurrence  of .  33 

Leptcena  sericea,  occurrence  of 85 

Lesley,  J.  P.,  cited  on  thickness  of  Devo- 
nian and  Silurian  rockH 51 

Levis  graptolit«s,  occurrence  of 43 

Lower  Cambrian.    See  Cambrian,  Lower. 


M.  Pnge. 

Maclurea,  occurrenceof 3> 

Maiden  Bridge,  section  at 39 

Map,  geological,  of  area  discussed 12 

Medina  formation,  equivalent  of 48, 50 

reddish  shale  of 13-14 

Melrose,  fossils  near 83 

rocks  near 29 

Merrill,  F.  J.  H.,  cite<l  on  geology  of  Now 

York 48,68 

Microscopical  sections  of  typical  rocks  . .       20 
Middle  Cambrian.  See  Cambrian,  Middle. 
Millville,  rocks  near 41-42 

sectionnear 42 

Moffltt,  F.  H.,  fault  traced  by 38 

Monticulopora,  occurrence  of 34 

Moordener  Kill,  fossils  on 13, 33,84 

location  of 12 

Murchisonia,  occurrence  of 84,35 

N. 

Nassau,  fossils  near 13 

rocks  near 40 

Nassau  Town,  fossils  in 13 

rocks  In 25,28,29,40.41 

sections  in 18,21,46 

New  York,  geology  of,  Merrill,  F.  J.  H., 

citedon 48,53 

Normans  Kill  fauna,  occurrence  of  . . .  87, 43,54 

North  Qreenbush  Town,  fossils  in 30, 33 

rocks  near 81 

sectiousln 25 

Nullipores,  occurrenceof 13 

O. 

Oldhamia      (Munchisonites)     occidens 
Wale,  Dale,  T.  Nelson,  cited 

on - ia-14 

figure  showing 13 

occurrenceof 13-14,27,20,48,53 

Walcott,  Charles  D.,  cited  on 27 

Olenellus  fauna,  occurrence  of 13, 

22-23,25,27,28,48 

Oneida  formation,  equivalent  of 48,50-51 

rddish  shale  of 13-14 

Ophileta,  occurrence  of 35 

Orange  County,  geology  of,  Ries,  H., cited 

on 47 

Ordovician  denudation,  extent  of 51 

occurrenceof 51,54 

Ordovician  grit,  microscopical  section  of.       20 
Ordovician   rocks,  character  and  rela- 

tionsof 43 

folding  of 44-47 

occurrenceof 12,27,34 

Ordovician  time,  conditions  in 51,63-54 

Orthis  cf .  plicatella,  occurrence  of 84 

Orthooeras,  occurrence  of 35 

Oscillations,  finding  of  traces  of,  by  T. 

NolflonDale 49 

occurrenceof 40 

Ovorthrusts,  occurrenceof 38,44 

See  a28o  Vaulting. 

P. 

Paleozoic   conglomerates,  Walcott, 

Charles  D.,  cited  on 16 


62 


INDEX. 


Petrography  of  Beekmantown  nhale 81 

of  Hudaon  formation 36-86 

of  Lower  Cambrian  rocks 14-17 

of  Rensselaer  grit aiMO 

Pike  Pond,  rocksnear 89 

Pittstown  Town,  fossils  in 83 

rocks  in 88 

Pleurotomaria,  occurrence  of 85 

PoestenKill,  fossil  from 18 

location  of W 

organic  impressions  near,  figure  of. . .       14 

rocks  on  and  near 17,35,86,40 

section  on,  diagram  showing 27 

Polyzoa,  occnrrenceof 54 

Post-Devonian  crustal  movement^  occur- 

renceof 47 

Post-Ix>wer    Cambrian    rocks,    reddish 

shaleof ia-14 

Post-Silnrian  denudation,  extent  of 61 

Post-Silurian  time,  conditions  in 51 

Potash,  occnrrenceof 66 

Potsdam  formation,  occurrence  of 40 

Pre-Trenton  rocks,  reddish  shale  of 13-14 

Prindle,  L.  M.,  aid  by 10 

information  gained  by 80,38-84 

Prosser,  C.  8.,  cited  on  thickness  of  De- 
vonian and  Silurian  rocks 51 

Pteropods,  occurrence  of 13,68 

Ptilodycta,  occurrence  of 85 

Pumpelly,  Raphael,  plan  of 9 

Q. 

Qnackenkill,  section  near,  diagram  show- 
ing        46 

Quartzite,  organic  impressions  in,  figure 

of 14 

Quartzoee  beds,  occurrence  and  charac- 
ter of 17 

R. 

Raflnenque,  Mount,  elevation  of 12 

rocksnear 81 

trend  of 88 

Raymertown,  fossils  near 80 

rocksnear 16,27,82 

Redrock,  rocks  at 86 

Rensselaer,  Hudson  formation  near 87 

Rensselaer  County,  portion  of,  in  area  dis- 
cussed, mention  of 9 

soil  of se^w 

analyses  of 56 

Rensselaer  grit,  character  of 80-40,48 

conglomerate  in 48 

Dale,  T.  Kelson,  cited  on 34, 85, 80 

discussion  of 80-42 

equivalents  of 43,60-51 

folding  of 47 

fossilsof 88 

metamorphism  i»f 47-48 

microscopical  section  of 80 

occurrence  of 12-13 

jwtrography  of 80-40 

relations  of 21,38,40-42 

section  showing 46 

stratigraphy  of 40 


Page. 

Rensselaer  grit,  thickness  of 40,60-51 

value  of 55 

Rensselaer  Plateau,  boundaries  of 11 

deforestation  of 56-57 

fossils  at  foot  of 86 

rocks  of 12-18 

sec tlons  at  and  near 46 

Bice  Mountain,  elevation  of 12 

faults  at  and  near 28,80,88 

rocks  at 88 

Bies,  Heinrlch ,  died  on  geology  of  Orange 

County 47 

Buedemann,  Rudolf,  cited  on  Chasy  for- 
mation        49 

cited  on  conglomerate  formations  ...  34, 48 

cited  on  fossil  localities 80,83 

cited  on  Hudson  formation 87 

cited  on  Lower  Cambrian  rocks 81 

publication  by 10 

Rntiand  County,  Vt.,  geological  work  in.       10 

Rye,  growth  of 56-66 

Rysedorph  Hill,  fossils  at 88 

Ruedemann,R.,  cited  on 88 

S. 

Sandlake,  rocksnear 40 

section  near 46 

Sandstone,  calcareous,  character  of 15 

Dale,  T.  Nelson,  cited  on 15 

occnrrenceof 15-16,28,29 

specimen  of,  figure  showing 15 

Schaghticoke,  fossils  at  and  near. . .  80-81,38,85 
fossils  at  and  near,  Buedemann,  R., 

cited  on 83 

rocks  at 88 

Schaghticoke  Town,  f r ic>ails  in 88 

Schodack,  fossils  near 34 

Schodack  Landing,  fault  near 28, 80, 88 

rocksnear 27-28 

section  near 28 

Schodack  Town, foesiU  in 13,33,34 

Schnchert,  Charles,  cited  on  Lower  Cam- 
brian conditions 40-60 

fossils  identified  by 80,38 

Sections,  geologic,  figures  showing 46 

Sections,  microscopical,  of  typical  rocks.       20 
Sediments,  deposition  and  character  of..  53-64 

Septaria,  occnrrenceof 25 

Shale,  greenish,  character  of 16-17 

occnrrenceof 16 

Shale,  reddish ,  occurrence  of 18-14, 20 

relations  of 29 

variations  in  color  of 17 

Shoreham,  Vt.,  rocks  near 40 

Silurian  grit,  microscopical  section  of . . .       20 
Silurian  rocks,  character  and  relations  of .       48 

extent  of 53 

folding  of 47 

occnrrenceof 12-13 

thickness  of,  Lesley,  J .  P. ,  cited  on  —       51 

Prosser,  C.S., cited  on 51 

Silurian  time,  conditions  in 48,58 

conditions  in,  Gilbert,  O.K.,  cited  on .       48 

Snake  Hill,  section  near 18 

Soils,  analyses  of 56-66 

value  of 66 


INDEX. 


63 


YBge. 

BoOa,  Whitney,  Milton,  cited  on 66 

South  Troy,  rocks  neAr 88-87 

section  near 46 

Spafford, ,  cited  on  deforestation . . .  66-67 

Speigletown,  section  near,  diagram  show- 
ing         27 

Spenoertown,  rocks  near 89 

Stissing  Mountain,  rocks  at 4B 

Stockbridge  limestone,  equivalent  of  —  48,60 

Stratigraphy  of  Beekmantown  shale 81-88 

of  Hudson  formation 86 

of  Lower  Cambrian  rocks 17-29 

of  Rensselaer  grit 40 

Stromatocerium,  occurrence  of 84-86 

Htrophomena  altemata,  occurrence  of . . .       86 
Sutherland  Pond,  fossils  near 84 


T. 


Tackawaslck  Creek,  foesUs  near 84 

rocks  near 22,28,4044 

sections  at  and  near 21 

Taoonic  crustal  movement,  occurrence  of  47,64 

12 

88 


Tnconic  Range,  character  of 

schist  of 

Taconic  system,   Walcott,   Charles  D., 

citedon 88 

Tetraoorallia,  occurrence  of 64 

Tetrograpsus,  occurrence  of 80 

Tomhannock,  rocks  near 24 

Topography,  discussion  of 11-12 

Trenton  formation,  base  of,  probable  ab- 
sence of 88-83,88,40 

equivalentof 43,60 

occurrence  of 84 

relationsof 40-41 

Trenton-Hudson  period,  reddish  shale  of.  18-14 

Trenton  oscillation,  occurrence  of 49 

Trenton  time,  conditions  in 48,60,64 

conditions  in.  Ford,  S.  W.,  cited  on . .       48 

"  Trilobite  "  limestone,  occurrence  of 18 

Trilobites,  occurrence  of 68,54 

Troy,  fossilsnear 13 

Hudson  grit  from,  deecrlption  of. ... .  85, 86 
rocks  near 14-16, 17, 27,28,29,86-37 


Page. 

Troy,  section  at,  diagram  showing 27 

Troy  atlas  sheet,  portion  of,  in  area  dis- 
cussed, mention  of 9 

Troy  Town,  section  in 26 


U. 


Unconformities,  Clark,  P.  Edwin,  cited 

on 44 

.  Darton,  N.  H.,  citedon 44 

Dale,  T.  Nelson,  cited  on 47 

Davis,  Wm.  M.,  cited  on 44 

occurrenceof 80,82-83,38,43,44 

Van  Ingen,  Oilbert,  cited  on 44 

Upper  Cambrian.    See  Cambrian,  Upper. 

V. 

Valley  Falls,  rocks  near 29 

VanDenburg  Hill,  fossilBon 84 

Van  Ingen,  Gilbert,  cited  on  unconformi- 
ties        44 

Vormont  formation,  equivalent  of 43,60 

W. 

Walcott,  Charles  D.,  cited  on  Lower  Cam- 
brian conditions 49-60 

cited  on  Paleozoic  conglomerates 16 

cited  on  Oldhamia  fossils 13-14 

cited  on  Olenellus  fauna 27 

cited  on  Taconic  system ?8 

figure  cited  from 13 

fossil  determination  by 13-14, 27 

fossils  found  by 10 

map  by,  mention  of 88 

quoted  on  Oldhamia  fossils 18-14 

Washington  County,  geological  work  in.       10 

Water  supply,  injury  to 67 

West  Sandlake,  fossils  near 30 

rocks  near 24-25 

Whitney,  Milton,  analyses  by 65-56 

cited  on  soils  of  area  discussed 66 

WynantsKill,  fossilsnear '80 

location  of 12 

rocks  near 82 


o 


\ 


CONTENTS. 


Page. 

Letter  of  transmittai 13 

Introduction 15 

Literature  on  cenients 17 

Definition  of  Portland,  natural,  and  puzzolaii  cenieutB 18 

Part  I. — Materialh  and  Manitpa(Titrk  of  Portland  Ckment. 

Definition  of  Portland  ccinent 21 

CoiniH»sition  and  constitution 28 

Raw  materials  for  Portland  cement 25 

LimestoneH 26 

Origin 26 

Varieties 27 

Chemical  composition 27 

Ma^e^ia 27 

Silica,  iron,  and  other  impurities 28 

Silicu 29 

Silica  with  alumina 29 

Iron 29 

Physical  characters 29 

Effect  of  heat 80 

Argillaceous  limestone  ( cement  rock ) 80 

Oment  rock  of  the  lx)high  district 81 

Cement  rock  in  other  parts  of  the  United  States 82 

Pure  hard  limestones 82 

Soft  limestones  (chalk) 83 

Origin  and  general  character 88 

Geographic  and  geologic    distribution    in    the 

United  States 38 

Composition 84 

Fresh-water  marls 34 

Origin  of  marls 35 

( reographic  distribution  of  marl  deposits 35 

Composition 86 

Alkali  waste 86 

Blast-furnace  slag 87 

Clays  and  shales 38 

Slate 88 

Value  of  deposits  of  cement  materials 89 

Methods  and  cost  of  excavating  raw  materials 41 

Quarrying 41 

Mining 41 

Dredging 42 

Cost  of  raw  materials  at  mill 42 

«■» 


CQNTENTS. 


Page. 

Methods  of  manufacture  of  Portland  cement 43 

Preparation  of  the  mixture  for  the  kihi 44 

Percentage  of  water  in  raw  materials 44 

Methods  and  costs  of  dryinj? 46 

Grinding  and  mixing 46 

Dry  methods i 46 

Slag-limestone  mixtures 47 

(General  methods 47 

Composition  of  the  slag 48 

Granulation  of  slag 49 

Drying  the  slag 49 

Grinding  the  slag 49 

Composition  of  the  limestone 49 

Advantages  of  using  slag-limestone  mixtures  ...  50 

Wet  methwl 8 50 

Burning  the  mixture 53 

Summary  of  burning  process  ., 54 

Theoretical  fuel  requirements 54 

Losses  of  heat 55 

Actual  fuel  requirements  and  output 55 

Effect  of  composition  on  burning 56 

Character  of  kiln  fuel 56 

Dr}dng  coal 57 

Pulverizing  coal 57 

Total  cost  of  coal  prei>aration 57 

Clinker  grinding 58 

Addition  of  gypsum 58 

PaKT   II.    POKTLANIM'EMENT   KeSOUUCES  OK  THE   UnITED  StATES. 

Introduction 60 

Allbama 60 

Portland-cement  materials,  by  P^ugene  A.  Smith t 60 

Northern  Alabama 61 

General  geology 61 

Limestones 61 

Chickamauga  limestone 61 

Mississippian  ( ' '  Lower  Carboniferous '  * )  limestones 64 

Clays  and  shales 65 

Ordovician  ( ' '  Lower  Silurian  " )  and  Cambrian  shales 65 

Mississippian  ( ' *  Ix)wer  Carboniferous ' ' )  shales 65 

Pennsylvauian  ( *  *  Coal  Measures  * ' )  shales 66 

Cretaceous  clavs 66 

Anal  vses 68 

Central  and  southern  A  labaina 71 

Selma  chalk  or  *  *  Rotten  limestone  ^ ' 72 

,                       St.  Stephens  or  Vicksburg  limestone 77 

Analyses 82 

Portland-cement  indiis^trv 84 

Bibliography 86 

Arizona  .   86 

Portland-cement  materials 86 

Bibliography 88 


CONTENTS.  5 

Paue. 

A  rkansas 88 

Portland-cement  materials 88 

Izard  limestone 89 

Polk  Bayoa  and  St.  Clair  Hiiiestone« 91 

St.  Joe  limestone 93 

Limestones  of  the  Boone  chert 94 

Pitkin  or  "Archimedes**  limestone 98 

Cretaceous  chalk  l)ed8 99 

Whitecliffs  formation 99 

Rocky  Comfort  area 99 

Whitecliffs  area 1 101 

Saline  Landing  area 102 

Saratoga  formation 104 

Washington  area 105 

Okolona  area 107 

Deciper  area 109 

Analyses : Ill 

Tertiary  and  Carboniferous  clays  and  shales 112 

Ix)cation  of  clays 113 

Composition 113 

.  Portland-cement  industry 115 

Bibliography 116 

California 116 

Portland-cement  materials 116  ' 

Distribution 116 

San  Diego  County 116 

Orange  County 117 

Los  Angeles  County 117 

San  Benito  County 118 

Santa  Cruz  region 118 

Solano  and  Contra  Costa  counties 118 

Sonoma  County 1 19 

Redding  district 119 

Portland-cement  industry 120 

Bibliography 121 

Colorado 122 

Portland-cement  materials 122 

Distribution  and  composition 122 

Limestones  west  of  the  Front  Range 122 

Limestones  east  of  the  Front  Range 123 

Portland-cement  industry 124 

Bibliography ' 124 

Connecticut 124 

Delaware 125 

Florida 126 

Georgia 126 

Portland-cement  materials 126 

Metamorphic  limestones  or  marbles 127 

Chickamauga  limestone 128 

Bangor  limestone 129 

Cretaceous  and  Tertiary  limestones 130 

Portland-cement  industry 130 

Idaho 131 


6  CONTENTS. 

Pace. 

Illinois 132 

Portland-cement  materials 132 

Trenton  limestone 132 

Mississippian  ( *  *  Lower  Carboniferous ' ' )  limestones 133 

Pennsylvanian  ( **  Coal  Measures ' ' )  limestones 134 

Portland-cement  industry 135 

'         Bibliography 137 

I  Indiana 137 

Portland-cement  materials i 137 

Ordovioian  shales  and  limestones 137 

Cincinnati  shales  and  limestones 137 

Mississippian  ( '*  Lower  Carboniferous '' )  limestones  and  shales  . .  138 

Kaskaskia  or  Huron  group 138 

Mitchell  formation 138 

Bedford  oolitic  limestone '. 138 

Harrodsburg  limestone ' 138 

Knobstone  group 139 

Composition 139 

Limestones  of  the  Pennsylvanian  series  (Coal  Measures) 140 

Fresh-water  marls  of  Quaternary  age 140 

Portland-cement  industry 142 

Bibliography 144 

Indian  Territory,  by  J.  A.  Taff 144 

Cambrian,  Ordovician,  and  Silurian  limestones 145 

Arbuckle  limestone 145 

Viola  formation 145 

Sylvan  shale 145 

Hunton  limestone 146 

Carboniferous  limestones 146 

Cretaceous  limestones 146 

Iowa,  by  H.  Foster  Bain 147 

Calcareous  marls 147 

Chalk  deposits 147 

Limestones 149 

Ordovician  limestones 149 

Devonian  limestones 151 

Wapsipinnicon  formation 151 

Cedar  Valley  limestone 152 

Lime  Creek  shales 153 

Carl)oniferou8  limestones 154 

Kinderhook  limestone 155 

Osage  formation 156 

St.  Ix>uis  limestone 157 

Des  Moines  formation 160 

**  Missourian "  formation 161 

Economic  conditions 163 

Available  materials 163 

Fuel 164 

Transportation 165 

Kansas 165 

Portland-cement  materials 165 

Mississippian  ( '  *  Low^er  Carlwniferous ' ' )  limestones 165 

Pennsylvanian  ( *'Coal  Measures" )  limestones 166 


CONTENTS.        "^  7 

Pa^e. 
Kansas — Continued. 

Portland-cement  materials — Continued. 

Permian  limestones 169 

Cretaceous  limestones 169 

Portland-cement  industry 170 

Kentucky 171 

Trenton  limestone 171 

Cincinnati  or  Hudson  group 172 

Mississippian  ( "  Lower  Carboniferous*' )  limestones •. .  173 

Pennsyl  vanian  ( *  *  Coal  Measures' ' )  limestones 1 74 

Ix>uisiana 175 

Maine 176 

Maryland 179 

Trenton  limestones  and  adjacent  clays 179 

.    Helderberg  limestone  and  adjacent  clays 183 

Greenbrier  limestone  and  adjacent  shales 186 

Massachusetts 189 

Michigan 189 

Portland-cement  materials 189 

Limestones 190 

Dundee  limestone 190 

Traverse  group '  192 

"Michigan  series" 193 

Marl  deposits 194 

Shales  and  clays 198 

Cold  water  shales 199 

Antrim  shales 200 

Saginaw  formation 201 

Clays 202 

References 205" 

Minnesota 206 

Mississippi 206 

Mississippian  ( * '  Lower  Carboniferous ' ' )  limestone 206 

Cretaceous  (Selma  chalk  ** Rotten  limestone'* ) 207 

Tertiary  limestones  ( Vicksburg  limestone) 218 

Missouri ; 219 

Portland-cement  materials 219 

Trenton  limestone 221 

Late  Ordoviciau  shale 222 

Devonian  formations , 222 

Mississippian  (**Ix)wer  Carboniferous")  limestone  and  shales.  222 

Pennsyl  vanian  ( **  Coal  Measures" )  limestones  and  shales 225 

Loess  and  surface  clays 226 

Portland-cement  industry 227 

Montanaby  W.  H.  Weed 227 

Xebraska 229 

Carboniferous  formations 229 

Niobrara  and  Benton  formations 230 

Pierre  clay 230 

Nevada 231 

New  Jersey  * 

Portland-cement  materials 231 

Limestones  of  Warren  and  Susst»x  countiej!* 232 

Hardynton  quartzite 232 


8  CONTENTS. 

New  Jersey — Continued.  Page. 
Portland-cement  materials — Continued. 

Limestones  of  Warren  and  Sussex  counties — Continued. 

Kittatinny  or  ^'Magnesian  "  limestone 233 

Trenton  limestone 236 

Hudson  shales 239 

Geologic  structure 239 

Limestones  of  Upper  Delaware  Valley 240 

White  marl  deposits 242 

Portland-cement  industry 243 

Bibliography , 244 

^"ew  York 246 

Portland-cement  materials 245 

Chazy  limestone 246 

Trenton  limestone 247 

Helderberg  limestones 249 

TuUy  limestone ' 251 

Quaternary  marls 252 

Portland-cement  industry 253 

Early  history 253 

Present  condition 259 

North  Carolina. 267 

Crystalline  limestones 267 

Soft  limestones 268 

North  Dakota 269 

Ohio 269 

Portland-cement  materials 269 

Trenton  series 269 

Cincinnati  group 270 

Clinton  limestones 270 

Comiferous  limestones 271 

Maxville  limestones 272 

Coal  measures  limestones 273 

Quaternary  marls 273 

Portland-cement  industry 273 

Oklahoma 275 

Oregon 277 

Materials  and  conditions  in  southwestern  Oregon 278 

Materials  in  northeastern  Oregon 278 

Pennsylvania 279 

Portland-<!ement  materials 279 

Trenton  limestone 279 

Helderl^rg  or  l^wistown  limestone ; 280 

Carlx)niferous  limestones 282 

Portland -cement  industry 284 

Lehigh  district 284 

Geology 285 

Magnesian  Kittatinny  limestone 285 

Trenton  limestone 286 

Hudson  shales 287 

Manufacturing  methods 288 

Combination  of  materials  used 288 

Character  and  composition  of  the  cement  rock 289 


CONTENTS.  9 

Pennsylvania — Continued.  J^e. 
Portland-cement  industry — Continued. 
Lehigh  district — Continued. 

Manufacturing  methods — Continued. 

Character  and  composition  of  the  pure  limestones 289 

Quarry  practice 290 

Mill  practice 290 

Character  and  composition  of  the  product 291 

Future  extensions 293 

Western  Pennsylvania 294 

Rhode  Island 294 

Sou  t  h  Carol  i  na 295 

South  Dakota 296 

Portland-cement  materials 296 

Limestones  of  the  Black  Hills  district.. 296 

Niobrara  (Cretaceous)  chalk  of  eastern  South  Dakota 301 

Portland-cement  industry 301 

Tennessee,  by  E.  O.  Ulrich 301 

Cambrian  and  lower  Ordovician  limestones  of  East  Tennessee .  302 

,           Upper  Ordovician  limestones  of  eastern  part  of  Great  Valley.  302 

Upper  Ordovician  limestones  of  western  part  of  Great  Valley .  304 

Ordovician  limestones  of  middle  Tennessee 305 

Silurian  limestones 306 

Mississippian  limestones 306 

Texas,  by  J.  A.  Taff 307 

Portland-cement  materials 307 

Austin  chalk. i 308 

Goodland  limestone 309 

Portland-cement  industry 310 

Utah 310 

Vermont 311 

Virginia,  by  R.  S.  Bassler 312 

Portland-cement  materials 312 

Shenandoah  limestone 312 

Cambrian  limestones 314 

Beekmantown  limestone 314 

Trenton  limestones 315 

Martinsbuiig  shale 317 

Calcareous  marls 318 

Details  of  localities 318 

Portland-cement  industry 323 

Washington 323 

San  Juan  Islands 323 

Northeastern  Washington 324 

West  Virginia 325 

Portland-cement  materials 325 

Ordovician  limestones 325 

Lewiston  (low^er  Helderberg)  limestones 326 

Greenbrier  limestone 327 

Coal  Measures  ( Pennsylvanian)  limestones 327 

Portland-cement  industry 328 

Wisconsin 329 

Ordovician  and  Silurian  lim^tones 329 

Quaternary  shell  marls 330 

Wyoming 331 


10  CONTENTS. 

Part  III.  Natural  Cbmbnt  Resources  op  the  Unitbd  States. 

Face. 

Introduction 333 

Definition 333 

Belations  of  natural  cements  to  other  cements 334 

Raw  material  (natural-cement  rock) 334 

Methods  of  manufacture 335 

Georgia 336 

niinois 339 

Indiana-Kentucky 341 

Kansas 342 

Maryland- West  Vii^nia 343 

Minnesota 344 

New  York 345 

Rosendale  district 345 

HowesCave 347 

Central  New  York  , 348 

Akron-Buffalo  district 349 

North  Dakota 351 

Ohio 352 

Pennsylvania 353 

Texas 354 

Vii^ginia 354 

West  Virginia  and  Maryland 364 

Wisconsin 354 

References  on  natural  cements 355 

Part  IV.  Materials  and  Manufacture  op  Puzzolan  Cements. 

Puzzolanic  materials 357 

Natural  puzzolanic  materials  ( pozzuolana,  trass,  etc. ) 357 

Artificial  puzzolanic  materials  ( blast-furnace  slag) 359 

The  manufacture  of  slag  cement 359 

Composition  of  the  slag 359 

Granulating  the  slag 362 

Drying  the  slag ■  363 

Composition  and  selection  of  the  lime 365 

Drying  and  slaking  the  lime 366 

Sieving  and  grinding  the  lime 366 

Mixing  and  grinding  the  slag  and  lime 367 

Composition  and  properties  of  slag  cement 369 

Identification  of  slag  cement 370 

Plants,  prices,  and  uses -• 371 

Index 373 


ILLUSTRATIONS. 


• 


Pago 

Plate  I.  Map  of  the  United  States,  showing  location  of  cement  plants 15 

II.  Geological  map  of  Alabama,  Mississippi,  and  part  of  Georgia 62 

III.  Map  of  the  chalk  region  of  southwestern  Arkansas -■ . . .  100 

IV.  Map  of  California,  showing  areas  of  limestone 116 

V.  Geological  map  of  Iowa 148 

VI.  Geological  map  of  Kentucky  and  Tennessee 172 

VII .  Geological  map  of  the  lower  peninsula  of  Michigan 190 

VIII.  Map  of  Michigan,  showing  location  of  cement  plants  and  marl  de- 
posits    194 

IX.  Geological  map  of  northeastern  Missouri  and  southwestern  Illinois.  220 

X.  Map  of  New  York,  showing  distribution  of  limestones 246 

XI.  Map  of  the  Hudson  River  cement  district,  New  York 254 

XII.  Geological  map  of  Ohio  and  Indiana 270 

XIII.  Map  of  the  Lehigh  district,  Pennsylvania-New  Jersey,  showing  dis- 

tribution of  cement  rock 284 

XIV.  Map  of  parts  of  Texas,  Oklahoma,  and  Indian  Territory 308 

XV.  Map  of  Vii^inia,  West  Virginia,  Maryland,  and  part  of  Pennsyl- 
vania   314 

Fig.  1.  Portland-cement  production  of  the  United  States,  1888-1903 16 

11 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Wdshington^  D.  C,  May  11^  190^,, 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
report  on  the  cement  materials  and  industry  of  the  L^nited  States,  by 
Edwin  C.  Eckel,  and  to  recommend  its  publication  as  a  bulletin. 

This  report  has  been  prepared  in  accordance  with  the  policy  of  sum- 
marizing existing  information  concerning  one  or  more  of  the  non- 
metalliferous  mineral  products  each  year.  It  contains,  however,  an 
exceptionally  large  proportion  of  entirely  new  information.  In  its 
preparation  Mr.  Eckel  has  visited  every  district  in  which  cement  was 
being  produced  and  has  examined  nearly  every  plant  in  operation. 
Information  relating  to  undeveloped  deposits  of  cement  materials  has 
been  obtained  by  personal  examination  and  from  the  published  and 
unpublished  work  of  other  geologists. 

The  object  has  been  to  treat  the  subject  from  the  geological  rather 
than  the  technical  standpoint,  although  the  technology  of  cement  man- 
ufacture is  also  discussed  with  sufficient  fullness  for  the  purpose  of  the 
report.  In  view  of  the  phenomenally  rapid  growth  of  the  cement 
industry  within  recent  years,  the  publication  of  this  report  will  be 
exceptionally  timely, 

Very  respectfully, 

C.  W.  Hayes, 
GeoUxjiHt  in  Charge  of  Geology. 

Hon.  Charles  D.  Walcxxtt, 

Director  U,  8.  Geological  Survey, 
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CEMENT  MATERIALS  AND  INDUSTRY  OF  TKE  MNtTED 

STATES. 


By  Edwin  C.  Eckel. 


INTRODUCTION. 

The  marvelous  growth  of  the  American  Portland-cement  industry 
during  the  last  decade  has  created  a  widespread  interest  in  the  raw 
materials  and  in  the  methods  of  manufacture  of  Portland  cement — 
the  most  important  of  the  cementing  materials.  This  interest  is  not 
confined  to  those  who  have  a  direct  financial  stake  in  the  industry, 
as  the  product  is  so  widel)'^  used,  and  its  uses  are  so  rapidly  increas- 
ing, that  some  knowledge  of  its  manufacture  and  properties  is  of 
advantage  to  everyone  connected,  directly  or  indirectly,  with  engi- 
neering or  building  operations.  In  its  importance  to  our  present 
civilization  cement  is  surpassed  among  mineral  products  only  by  iron, 
coal,  and  oil;  in  rate  of  increase  in  annual  production  during  the  last 
decade  even  these  three  products  can  not  be  compared  with  it.  In 
1890  the  total  production  of  Portland  cement  in  the  United  States  was 
335,500  barrels,  valued  at  $439,050;  in  1903  it  exceeded  22,000  000 
barrels,  while  the  value  was  over  $27,000,000. 

The  rate  of  growth  of  the  industry  is  shown  graphically  by  iig.  1 . 
The  value  of  the  annual  production  of  Portland  cement  in  the 
United  States  has  been  plotted  on  this  diagram  for  the  sixteen  years 
1888-1903,  inclusive.  During  the  sixteen  years  which  witnessed  the 
development  of  the  American  Portland-cement  industry  two  of  the 
greatest  gold  discoveries  in  the  world's  history  were  made — in  Colo- 
rado and  Alaska.  The  annual  gold  production  of  Alaska  and  of  the 
Cripple  Creek  district  in  Colorado  have  been  accordingly  placed  on 
the  diagram.  These  two  great  gold  strikes  impressed  themselves  on 
every  citizen  of  the  United  States,  while  the  Portland-cement  industry 
has  attained  its  growth  in  comparative  obscurity.  Yet  on  comparison 
it  will  be  seen  that  the  gold  production  of  Cripple  Creek  is  only 
slightly  greater  than  the  output  of  Portland  cement,  while  the  pro- 
duction of  Alaska  sinks  into  comparative  insignificance.  On  examin- 
ing the  diagram  it  will  be  seen,  moreover,  that  the  greater  part  of  this 
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increase  has  been  within  the  la«t  decade.  The  prochiction  of  Portland 
cement  has  risen  from  a  lj|;ttre*.  less  than  $2,500,000  in  189G  to  over 
$27,000,000  in  1903. ....  \[\  >  -  * 
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Portland  cement  production  of  the  United  States 

Gold  production  of  Alaska 

"•    Gold  production  of  Cripple  Creek  district,  Colorado 

Fig.  1.— Portland  cement  production  of  the  United  States,  1888-1908. 


Thi.s  report  has  been  prepared  in  order  to  give  information  on 
cement  materials,  which  is  desired  by  two  classes  of  persons.  First, 
owners  of  lands  on  which  marl,  limestone,  or  clay  deposits  are  found 
often  inquire  whether  a  given  material  is  suitable  for  Portland-cement 
manufacture.     In  response  to  such  questions  the  writer  has  attempted. 
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in  the  preliminary  chapters,  to  describe  the  chemical  and  physical 
properties  which  a  Portland-cement  material  must  have,  and  also  to 
show  that  the  value  of  cement  material  depends  almost  entirely  upon 
location  with  respect  to  fuel  supply,  transportation  routes,  and  markets. 
Second,  cement  manufacturers  or  those  wishing  to  engage  in  the  cement 
industry  often  inquire  concerning  the  localities  in  some  given  State  or 
group  of  States  where  cement  materials  will  probably  be  found  and 
desire  information  in  advance  of  actual  testing  concerning  the  physical 
and  chemical  character  of  the  materials.  The  latter  portion  of  this 
report,  dealing  with  the  cement  resources  of  the  separate  States,  is 
designed  to  furnish  information  of  this  type. 

The  scope  of  the  report  is  fairly  well  defined  by  the  preceding  state- 
ments. It  is  intended  to  be  primarii}'  a  discussion  of  cement  mate- 
rials, not  a  manual  of  cement  manufacture  or  a  guide  to  cement  testing 
or  utilization.  A  brief  sketch  of  the  processes  of  Portland-cement 
manufacture  is  presented  on  pages  21-59,  in  order  to  make  the  subject 
clear  to  the  great  number  of  people  who  are  interested,  in  one  way  or 
another,  in  the  condition  and  growth  of  this  important  industry. 

In  Parts  III  and  IV  of  the  bulletin,  on  pages  333  to  372,  will  be  found 
a  comparatively  brief  discussion  of  the  raw  materials  and  manufacture 
of  two  classes  of  cements  allied  to  Portland  cement,  i.  e.,  natural 
cements  and  puzzolan  (slag)  cements.      ^ 

It  is  with  pleasure  that  the  writer  acknowledges  his  indebtedness  to 
the  managers  and  chemists  of  the  various  Portland,  natural,  and  slag 
cement  plants  thrpughout  the  United  States.  Most  of  these  plants, 
with  their  quarries  or  mines,  have  been  personally  examined  by  the 
writer,  and  in  every  case  all  possible  facilities  have  been  afforded  for 
making  the  examination  as  thorough  as  was  necessar3\  A  considerable 
part  of  the  information  obtained  in  this  manner  can,  of  course,  for 
obvious  business  reasons,  be  only  stated  in  a  general  way;  but  in  most 
cases  permission  to  publish  the  data  obtained  has  been  freely  given. 

LITERATURE  ON  CEMENTS. 

Frequent  references  have  been  given,  in  the  text  or  in  footnotes,  to 
reports  or  papers  which  give  more  detailed  information  in  regard  to 
various  phases  of  the  subject.  It  is  a  matter  of  regret  that  no  single 
book  has  been  published  which  adequately  summarizes  the  conditions 
of  the  modern  cement  industrv  in  America.  This  is  doubtless  due  in 
part  to  the  fact  that  all  our  technical  industries  are  in  present  days 
subject  to  such  rapid  advance  that  data  must  be  sought  in  the  engineer- 
ing and  other  technical  journals,  and  not  ii^  books.  In  part,  however, 
the  lack  of  a  cement  manual  is  due  to  the  fact  that  the  leaders  in  the 
progress  of  the  American  cement  industry  have  been  cement  manu- 

BuU.  243—05 2 


18  CEMENT   MATERIALS    AND    INDUSTRY.  [bull.  243. 

facturers,  and  have  not  felt  justified  in  spending  their  time  in  sum- 
marizing the  practice  for  the  benefit  of  competitors.  In  view  of  these 
conditions,  the  present  writer  has  endeavored,  in  a  volume  now  in 
press,^  to  describe  the  technologic  and  financial  features  of  the  lime 
and  cement  industries.  In  the  present  bulletin,  however,  considera- 
tion of  these  features  has  been  subordinated  to  the  discussion  of  the 
geolog}'^  and  of  the  distribution  of  the  raw  materials. 

Hydraulic  Cement;  its  Properties,  Testing,  and  Use,  by  F.  P.  Spald- 
ing, is  without  doubt  the  most  satisfactory  single  volume  to  serve  as 
an  introduction  to  the  general  subject  of  cement  testing  and  properties. 
As  might  be  inferred  from  its  subtitle,  it  contains  practically  nothing 
relative  to  raw  materials  or  methods  of  manufacture,  but  is  devoted 
almost  entirely  to  a  consideration  of  the  finished  product. 

Cements,  Mortars,  and  Concretes,  b}'  M.  S.  Falk,  contains  valuable 
data  on  the  physical  properties  of  these  materials. 

The  Cement  Industry,  a  volume  containing  a  number  of  papers 
which  originally  appeared  in  the  Engineering  Record,  is  of  great  serv- 
ice as  an  introduction  to  the  study  of  cement-manufacturing  methods. 

The  Directory  of  American  Cement  Industries  contains,  in  addition 
to  its  lists  of  plants,  many  valuable  notes  on  manufacturing  and  testing 
methods. 

Books  devoted  to  Portland  cement  exclusively  have  been  written  by 
Jameson  and  Butler,  but  they  contain  nothing  relative  to  rotary  kiln 
practice,  and  are  therefore  of  little  use  to  American  readers. 

To  one  fairly  conversant  with  the  French  language,  two  admirable 
books  will  be  of  service.  The  first  of  these,  Candlot's  Ciments  et 
Chaux  Hj-drauliques,  is  probably  the  best  single  book,  in  any  lan- 
guage, on  cement  technology.  In  its  treatment  of  the  theoretical 
questions  involved  in  cement  manufacture  it  is  excellent;  but  its  value 
for  American  readers  is  lessened  because  the  mechanical  side  of  the 
cement  industry  is  discussed  solely  from  the  standpoint  of  European 
practice. 

The  second,  of  somewhat  different  character,  is  Bonnami's  Fabri- 
cation et  Controle  des  Chaux  Hydrauliques  et  des  Ciments.  This 
volume  contains  a  very  detailed  description  of  the  manufacture  and 
properties  of  the  hydraulic  limes,  so  widely  used  in  Europe,  but  it 
also  contains  valuable  discussions  on  the  theoretical  side  of  cement 
manufacture  in  general. 

DEFINITION  OF  PORTLAND,  NATURAL,  AND  PUZZOLAN  CEMENTS. 

Before  taking  up  the  subject  of  the  materials  and  manufacture  of 
cements,  it  is  advisable  to  define  the  four  great  classes  which  are 
included  in  the  group  of  "hydraulic  cements,"  as  that  term  is  used  by 

a  Cements,  Limes,  and  Plasters:  Their  Manufacture  and  Properties.  Wiley  &  Sons,  New  York.   1905. 
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the  engineer.     The  relationship  of  the  various  cementing  materials^ 
can  be  concisely  expressed  as  in  the  following  diagram: 


,  Nonhydraulic  cements. 


Hydraulic  cements 


Plaster  of  Paris,  cement  plaster,  Keene's  cement,  etc. 

Common  lime. 

Hydraulic  lime. 

Natural  cements. 

Portland  cements. 

Puzzolan  cements. 


Nonhydraul'ic  cenienU, — Nonhydmulic  cements  do  not  have  the 
property  of  ''setting"  or  hardening  under  water.  They  are  made  by 
burning,  at  a  comparatively  low  temperature,  either  gypsum  or  pure 
limestone.  The  products  obtained  by  burning  gypsum  are  marketed 
as  "plaster  of  Paris,"  ''cement  plaster,"  "Keene's  cement,"  etc., 
according  to  details  in  the  process  of  manufacture.  The  product  of 
burning  limestone  is  common  lime.  The  plasters  and  limes  will  not 
be  further  discussed  in  the  present  bulletin. 

Hydraulic  cements. — ^The  hydraulic  cements  are  those  which  set 
when  used  under  water,  though  the  different  kinds  differ  greatly  in 
the  extent  to  which  they  possess  this  property,  which  is  due  to  the 
formation  during  manufacture  of  compounds  of  lime  with  silica, 
alumina,  and  iron  oxide. 

On  heating  a  pure  limestone  (CaCO,)  containing  less  than,  say, 
10  per  cent  of  silica,  alumina,  and  iron  oxide  together,  its  carbon 
dioxide  (COg)  is  driven  off,  leaving  more  or  less  pure  calcium  oxide 
(CaO)  (quicklime  or  common  lime).  If  the  limestone  contains  much 
siliaa,  alumina,  or  iron  oxide,  the  result  is  quite  different. 

Natural  cements. — Natural  cements  are  produced  by  burning  a  nat- 
urally impure  limestone,  containing  from  15  to  40  per  cent  of  silica, 
alumina,  and  iron  oxide,  at  a  comparatively  low  temperature,  about 
that  of  ordinary  lime  burning.  The  operation  can  therefore  be  car- 
ried on  in  a  kiln  closely  resembling  an  ordinary  lime  kiln.  During 
the  burning  the  carbon  dioxide  of  the  limestone  is  almost  entirely 
driven  off,  and  the  lime  combines  with  the  silica,  alumina,  and  iron 
oxide,  forming  a  mass  containing  silicates,  aluminates,  and  ferrites  of 
lime.  If  the  original  limestone  contained  much  magnesium  carbonate 
the  burned  rock  will  contain  a  corresponding  amount  of  magnesia. 

The  burned  mass  will  not  slack  if  water  be  added.  It  is  necessary, 
therefore,  to  grind  it  rather  fine.  After  grinding,  if  the  resulting 
powder  (natural  cement)  be  mixed  with  water  it  will  harden  rapidly. 
This  hardening  or  setting  will  also  take  place  under  water.  Natural 
cements  differ  from  ordinary  limes  in  two  noticeable  ways: 

(1)  The  burned  mass  does  not  slack  on  the  addition  of  water. 

a  For  a  more  detailed  discussion  see  Municipal  Engineering,  vol.  24,  1903,  pp.  336-^36,  and  Am. 
Geologist,  Yol.  29, 1902,  pp.  14&-154. 
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(2)  The  powder  has  hydraulic  properties,  L  e.,  if  properly  pre- 
pared, it  will  set  under  water. 

Natural  cements  differ  from  .Portland  cements  in  the  following 
important  particulars: 

(1)  Natural  cements  are  not  made  from  carefully  prepared  and  finely 
ground  artificial  mixtures,  but  from  natural  rock. 

(2)  Natural  cements  are  burned  at  a  lower  temperature  than 
Portland,  the  mass  in  the  kiln  nev^er  being  heated  high  enough  to  even 
approach  the  fusing  or  clinkering  point. 

(3)  Natural  cements,  after  burning  and  grinding,  are  usually  yellow 
to  brown  in  color  and  light  in  weight,  having  a  specific  gravity  of  2.7 
to  3.1,  while  Portland  cement  is  commonly  blue  to  gray  in  color  and 
heavier,  its  specific  gravity  ranging  from  3  to  3.2. 

(4)  Natural  cements  set  more  rapidly  than  Portland  cement,  but  do 
not  attain  so  high  tensile  strength. 

(5)  Portland  cement  is  a  definite  product,  its  percentages  of  lime, 
silica,  alumina,  and  iron  oxide  varying  only  between  narrow  limits, 
while  brands  of  natural  cements  vary  greatly  in  composition. 

Portland  cement. — Portland  cement  is  produced  by  burning  a 
finely  ground  artificial  mixture  containing  essentially  lime,  silica, 
alumina,  and  iron  oxide  in  certain  definite  proportions.  Usually 
this  combination  is  made  by  mixing  limestone  or  marl  with  clay  or 
shale,  in  which  ciise  the  mixture  should  contain  about  three  parts  of 
the  lime  carbonate  to  one  part  of  the  clayey  materials.  The  burning 
takes  place  at  a  high  temperature,  approaching  3,000^  F.,  and  must 
therefore  be  carried  on  in  kilns  of  special  design  and  lining.  During 
the  burning,  combination  of  the  lime  with  silica,  alumina,  and  iron 
oxide  takes  place.  The  product  of  the  burning  is  a  semifused  mass 
called  "clinker,"  which  consists  of  silicates,  aluminates,  and  ferrites 
of  lime  in  certain  fairly  definite  proportions.  This  clinker  must  be 
finely  ground.  After  such  grinding,  the  powder  (Portland  cement) 
will  set  under  water. 

Pitzzolan  ceDumU. — The  cementing  materials  included  under  this 
name  are  made  by  mixing  powdered  slacked  lime  with  either  a  volcanic 
ash  or  a  blast-furnace  slag.  The  product  is,  therefore,  simply  a 
mechaniail  mixture  of  two  ingredients,  as  the  mixture  is  not  burned 
at  any  stage  of  the  process.  After  mixing,  the  mixture  is  finely 
ground.  The  resulting  powder  (puzzolan  cement)  will  set  under 
water. 

Puzzolan  cements  are  usually  light  bluish,  and  of  lower  specific 
gravity  and  less  tensile  strength  than  Portland  cement.  They  are 
better  adapted  to  use  under  water  than  in  air,  as  is  explained  on 
later  pages. 
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CEMENT. 

As  noted  in  the  Introduction,  this  bulletin  is  not  intended  to  be  a 
manual  of  cement  manufacture,  but  a  guide  both  to  those  who  wish  to 
locate  available  supplies  of  cement  material  and  to  those  who  wish  to 
know  whether  materials  occurring  on  their  property  are  likely  to 
be  fit  for  such  use.  To  persons  of  the  first  class,  who  usually  are 
cement  manufacturers,  this  first  part  of  the  bulletin  will  contain  little 
of  value;  but  it  has  seemed  probable  that  such  a  sketch  of  cement 
technology  will  be  serviceable  to  those  who  are  not  so  well  acquainted 
with  the  subject.  In  the  discussion  of  the  manufacture  of  Portland 
cement,  stress  has  \yeen  laid  only  upon  those  processes  which  are 
directly  influenced  by  the  character  of  the  raw  materials  used.  The 
section  on  the  mixing  and  grinding  of  the  raw  materials,  for  example, 
is  much  more  detailed  than  the  portion  devoted  to  burning  and  clinker 
grinding.  The  subjects  of  cement  testing  and  the  uses  of  cement  have 
been  intentionally  omitted.^ 

In  the  following  section,  various  possible  I'aw  materials  for  Portland- 
cement  manufacture  will  be  taken  up  and  their  relative  suitability  for 
such  use  will  be  discussed.  In  order  that  the  statements  may  be 
clearly  understood  it  will  be  necessary  to  preface  this  discussion  by  a 
brief  explanation  regarding  the  composition  of  Po^-tland  cement. 
This  subject  will  be  treated  in  greater  detail  on  pages  23-24. 

DEFINITION  OF  PORTLAND  CEMENT. 

While  there  is  a  general  agreement  as  to  what  is  understood  by  the 
term  Portland  cement,  a  few  points  of  importance  are  still  open  ques- 
tions. The  definitions  of  the  term  given  in  specifications  are,  in  con- 
sequence, often  vague  and  unsatisfactory. 

Uite  of  term  Portland, — It  is  agreed  that  the  cement  mixture  must 
consist  essentially  of  lime,  silica,  and  alumina  in  proportions  which 
can  vary  but  slightly,  and  that  this  mixture  nmst  be  burned  at  a  tem- 
perature which  will  give  a  semif used  product— a  "clinker."  These 
points  must  therefore  be  include^  in  any  satisfactory  definition.  The 
point  regarding  which  there  is  a  difference  of  opinion  is  whether  or 
not  cements  made  by  burning  a  natural  rock  can  be  considered  true 
Portlands.     The  question  whether  the  definition  of  Portland  cement 
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should  be  drawn  so  as  to  include  or  exclude  such  products  is  evi- 
dently largely  a  matter  of  convention;  but,  unlike  most  conventional 
issues,  the  decision  has  very  important  practical  consequences.  The 
question  at  issue  may  be  stated  as  follows: 

'If  artificial  mixture  of  the  raw  materials  and  a  very  high  degree  of 
burning  are  made  the  criteria  on  which  to  base  a  definition,  there  will 
be  excluded  from  the  class  of  Portland  cements  certain  well-known 
and  very  meritorious  products,  manufactured  at  several  points  in 
France  and  Belgium  by  burning  a  natural  rock  without  artificial 
mixture  and  at  a  considembly  lower  temperature  than  is  attained  in 
ordinary  Portland-cement  practice.  These  "natural  Portlands"  of 
France  and  Belgium  have  always  been  considered  Portland  cements  by 
the  most  critical  authorities,  though  all  agree  that  they  are  not  of  very 
high-grade. 

There  is  no  doubt  that  there  could  occur  a  rock  which  would  contain 
lime,  silica,  and  alumina  in  such  proportions  as  to  give  a  good  Port- 
land cement  on  burning.  Actually,  however,  Huch  a  perfect  cement 
rock  is  of  extremely  rare  oceurrence.  As  above  noted,  certain  brands 
of  French  and  Belgian  "Portland"  cements  are  made  from  such 
natural  rocks  without  the  addition  of  an}"  other  material,  but  these 
brands  are  not  of  particularly  high  gmde,  and  in  the  better  Belgian 
cements  the  composition  is  corrected  by  the  addition  of  other  material 
to  the  cement  rock  before  burning. 

The  following  definition  of  Portland  cement  is  important  because 
of  the  large  amount  of  cement  which  is  accepted  annually  under  the 
specifications^  in  which  it  occurs,  and  is  of  interest  as  being  the  nearest 
approach  in  this  country  to  an  official  definition  of  the  material. 

By  a  Portland  cement  is  meant  the  prcxluct  obtained  from  the  heating  or  calcining 
up  to  incipient  fusion  of  intimate  mixtures,  either  natural  or  artificial,  of  ai^illace<3U8 
with  calcareous  substances,  the  calcined  product  to  contain  at  least  1.7  times  as  much 
of  lime,  by  weight,  as  of  the  materials  which  give  the  lime  its  hydraulic  properties, 
and  to  l>e  finely  pulverized  after  said  calcination,  and  thereafter  additions  or  substi- 
tutions for  the  purpose  only  of  regulating  certain  properties  of  technical  importance 
to  l)e  allowable  to  not  exceeding  2  per  cent  of  the  calcined  product. 

It  will  be  noted  that  this  definition  does  not  require  pulverizing  or 
artificial  mixing  of  the  materials  prior  to  burning.  It  seems  probable 
that  the  Belgian  "  natural  Portlands"  were  kept  in  mind  when  these 
requirements  were  omitted.  In  dealing  with  American-made  cements, 
however — and  the  specifications  in  question  are  headed  ''Specifications 
for  American  Portland  Cement " — it  is  a  serious  error  to  omit  these 
requirements.  No  true  Portland  cements  are  manufactured  in  Amer- 
ica from  natural  mixtures  without  pulverizing  and  artificially  mixing 
the  materials  prior  to  burning.  Several  plants,  however,  have  placed 
on   the   market  so-called  "Portland  cements,"  made  b}"  grinding  up 

a  Prof.  Paper  No.  28,  Corps  of  Engineer,  U.^.  A.,  p.  ao. 
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together  the  underburned  and  overburned  materials  formed  during 
the  burning  of  natural  cement8.  Several  of  these  brands  contain  from 
5  to  15  per  cent  of  magnesia;  and  under  no  circumstances  can  they  be 
considered  true  Portland  cements. 

In  view  of  the  conditions  above  noted  the  writer  believes  that  the 
following  definition  will  be  found  more  satisfactory  than  the  one  above 
quoted: 

Portland  cement  is  an  artificial  product,  obtained  by  finely'  pulver- 
izing the  clinker  produced  by  burning  to  semifusiou  an  intimate  mix- 
ture of  finely  ground  calcareous  and  argillaceous  material,  this  mixture 
consisting,  approximately,  of  one  part  of  silica  and  ahimina  to  three 
parts  of  carbonate  of  lime  (or  an  equivalent  amount  of  lime). 

COMPOSITION  ANJy  CONSTITUTION. 

During  recent  years  much  attention  has  been  paid  by  various  inves- 
tigators to  the  constitution  of  Portland  cement.  The  chemical  com- 
position of  any  particular  sample  can,  of  course,  be  readily  determined 
by  analysis,  and  by  comparison  of  a  number  of  such  analyses  general 
statements  can  be  framed  as  to  the  range  in  composition  of  good 
Portland  cements. 

Portland  cements  may  be  said  to  tend  toward  a  composition  approx- 
imating to  pure  tricalcic  silicate  (SCaO.SiOg)  which  would  nearly  cor- 
respond to  the  proportion  CaO,  73.6  per  cent,  SiO,,  26.4  per  cent. 
As  can  be  seen,  however,  from  commercial  analyses,  actual  Portland 
cements  differ  in  composition  somewhat  markedly  from  this.  Alumina 
is  always  present  in  considerable  quantity,  forming,  with  part  of  the 
lime,  the  dicalcic  aluminate  (2CaO.SiOg).  This  would  give,  as  stated 
by  Newberry,  for  the  general  formula  of  a  pure  Portland — 

X  (SCaO.SiO^)  +  y  (2CaO. A1,0,). 

The  composition  is  still  further  complicated  by  the  presence  of  acci- 
dental impurities  or  intentionally  added  ingredients.  These  last  may 
be  simply  adulterants,  or  they  may  be  added  to  serve  some  useful 
purpose.  Calcium  sulphate  is  a  type  of  the  latter  class.  It  serv^es  to 
retard  the  set  of  the  cement  and,  in  small  quantities,  appears  to  have 
no  injurious  effect  which  would  prohibit  its  use  for  this  purpose.  In 
dome  kilns  sufficient  sulphur  trioxide  is  generally  taken  up  by  the 
cement  from  the  fuel  gases  to  obviate  the  necessity  for  later  addi- 
tion of  calcium  sulphate,  but  in  the  rotary  kiln  its  addition  to  the 
ground  cement,  in  the  form  of  either  powdered  gypsum  or  plaster  of 
Paris,  is  a  necessity. 

Iron  oxide  within  reasonable  limits  seems  to  act  as  a  substitute  for 
alumina,  and  the  two  may  be  calculated  together.  Magnesium  car- 
bonate is  rarely  entirely  absent  from  limestones  or  clays,  and  mag- 
nesia is  therefore  almost  invariably  present  in  the  finished  cement. 
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Many  engineers  regard  it  as  positiv^ely  detrimental  in  even  small 
amounts,  and  because  of  this  feeling  manufacturers  prefer  to  carr}'^ 
it  as  low  as  possible.  Newberry  has  stated  that  in  amounts  of  less 
than  3i  per  cent  it  is  harmless,  and  American  Portlands  from  the 
Lehigh  district  usually  reach  well  up  toward  that  limit.  In  European 
practice  it  is  carried  somewhat  lower. 

It  would  seem  to. be  firmly  established  that  in  a  well-burned  Port- 
land cement  much  of  the  lime  is  combined  with  most  of  the  silica  to 
form  the  compound  8CaO.SiOj — tricalcic  silicate.  To  this  compound 
is  ascribed,  in  large  measure,  the  hydraulic  properties  of  the  cement; 
and  in  general  it  may  be  said  that  the  value  of  a  Portland  cement 
increases  directly  as  the  proportion  of  3CaO.SiOg.  The  ideal  Port- 
land cement,  toward  which  cements  as  actually  made  tend  in  composi- 
tion, would  consist  exclusively  of  tricalcic  silicate,  and  would  be 
therefore  composed  entirely  of  lime  and  silica  in  the  following  pro- 
portions: Lime  (CaO),  73.6  per  cent;  silica  (SiOj),  26.4  per  cent. 

Such  an  ideal  cement,  however,  can  not  be  manufactured  under 
present  commercial  conditions,  for  the  heat  required  to  clinker  such 
a  mixture  can  not  be  attained  in  any  working  kiln.  Newberry  has 
prepared  such  mixtures  by  using  the  oxy hydrogen  blowpipe;  and  the 
electrical  furnace  will  also  give  clinker  of  this  composition;  but  a  pure 
lime-silica  Portland  is  not  possible  under  present  conditions. 

In  order  to  prepare  Portland  cement  in  actual  practice,  therefore, 
it  is  necessary  that  some  other  ingredient  or  ingredients  be  present  to 
serve  as  a  flux  in  aiding  the  combination  of  the  lime  and  silica,  and 
such  aid  is  afforded  by  the  presence  of  alumina  and  iron  oxide. 

Alumina  (AljO,)  and  iron  oxide  (Fe^Oj),  when  present  in  noticeable 
percentages,  serve  to  reduce  the  temperature  at  which  combination  of 
the  lime  and  silica  (to  form  3CaO.SiO..)  takes  place;  and  this  clink- 
ering  tempemture  becomes  further  and  further  lowered  as  the  per- 
centages of  alumina  and  iron  are  increased.  The  strength  and  value 
of  the  product,  however,  also  decrease  as  the  alumina  and  iron 
increase;  so  that  in  actual  practice  it  is  necessary  to  strike  a  balance 
between  the  advantage  of  low  clinkering  tempeniture  and  the  disad- 
vantage of  weak  cement,  and  thus  to  determine  how  much  alumina 
and  iron  should  be  used  in  the  mixture. 

It  is  generally  considered  that  whatever  alumina  is  present,  in  the 
cement  is  combined  with  part  of  the  lime  to  form  the  compound 
2CaO.SiO, — dicalcic  aluminate.  It  is  also  held  by  some,  but  this 
fac^t  is  somewhat  less  firmly  established  than  the  last,  that  the  iron 
present  is  combined  with  the  lime  to  form  the  compound  2CaO. 
FcjOj.  For  the  purposes  of  the  present  paper  it  will  be  sufficient  to 
say  that,  in  the  relatively  small  percentages  in  which  iron  occurs  in 
Portland  cement,  it  may  for  convenience  be  considered  as  equivalent 
to  alumina  in  its  action,  and  the  two  may  be  calculated  together. 
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RAW  MATERIAIiS  FOB  POBTIiAND  CEMEXT. 

For  the  purposes  of  the  present  section  it  will  be  sufficiently  accurate 
to  consider  that  a  Portland-cement  mixture,  when  ready  for  burning, 
will  contain  about  75  per  cent  of  lime  carbonate  (CaCOj)  and  20  per 
cent  of  silica  (SiOj),  alumina  (Al^O,)  and  iron  oxide  (FcaOj)  together, 
the  remaining  5  per  cent  including  any  magnesium  carbonate,  sulphur, 
and  alkalies  that  may  be  present. 

The  essential  elements  which  enter  into  this  mixture — lime,  silica, 
alumina,  and  iron — are  all  abundantly  and  widely  distributed  in  nature, 
occurring  in  different  forms  in  many  kinds  of  rocks.  It  can  therefore 
readily  be  seen  that,  theoretically,  a  satisfactory  Portland-cement 
mixture  could  be  prepared  by  combining,  in  an  almost  infinite  number 
of  ways  and  proportions,. many  kinds  of  raw  material.  Obviously, 
too,  we  might  expect  to  find  gradations  in  the  artificialness  of  the 
mixture,  varying  from  one  extreme,  where  a  natural  rock  of  abso- 
lutely correct  composition  was  used,  to  the  other  extreme,  where  two 
or  more  materials,  in  nearly  equal  amounts,  are  required. 

The  almost  infinite  number  of  raw  materials  which  are  theoretically 
available  are,  however,  reduced  to  a  very  few  under  existing  commer- 
cial conditions.  The  necessity  for  making  the  mixture  as  cheaply  as 
possible  rules  ou.t  of  consideration  a  large  number  of  materials  which 
would  be  considered  available  if  chemical  composition  were  the  only 
thing  to  be  taken  into  account.  Some  materials,  otherwise  suitable, 
are  too  scarce;  some  are  too  difficult  to  pulverize.  In  consequence,  a 
comparatively  few  combinations  of  raw  materials  are  actually  used  in 
pi-actice. 

In  certain  localities  deposits  of  argillaceous  (clayey)  limestone  or 
^^cement  rock''  occur  in  which  the  lime,  silica,  alumina,  and  iron 
oxide  exist  in  so  nearly  the  proper  proportions  that  only  a  relatively 
small  amount  (say  10  per  cent)  of  other  material  is  required  in  order 
to  make  a  mixture  of  correct  composition.  In  the  majority  of  plants, 
however,  most  or  all  of  the  necessary  lime  is  furnished  by  one  mw 
material,  while  the  silica,  alumina,  and  iron  oxide  are  largely'  or 
entirely  derived  from  another.  The  raw  material  which  furnishes  the 
lime  is  usually  natural — a  limestone,  chalk,  or  marl — but  occasionally^ 
it  is  an  artificial  product,  such  as  the  chemically  precipitated  lime  car- 
bonate which  results  as  waste  from  alkali  manufacture.  The  silica, 
alumina,  and  iron  oxide  of  the  mixture  are  usually  derived  from  clays, 
shales,  or  slates;  but  in  a  few  plants  blast-furnace  slag  is  used  as 
the  silica-aluminous  ingredient  in  the  manufacture  of  true  Portland 
cement. 

The  various  combinations  of  raw  materials  which  are  at  present  used 
in  the  United  States  in  the  manufacture  of  Portland  cement  may  be 
grouped  under  six  heads:  (1)  Argillaceous  limestone  (cement  rock) 
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ri:ul  pure  limestone;  (2)  pure  hard  limestone  and  clay  or  shale;  (3)  soft 
chalky  limestone  and  clay;  (4)  marl  and  cla)'^;  (5)  alkali  waste  and 
clay;  (6)  slag  and  limestone. 

LIMESTONES. 

Limestone  is  the  most  important  ingredient,  in  one  form  or  another, 
in  a  Portland-cement  mixture.  Limestones  of  certain  types  are 
employed  in  the  manufacture  of  hydraulic  limes,  natural  cements,  and 
slag  cements.  It  will  thus  be  seen  that  limestone  is  a  rery  important 
constituent  of  all  the  cementing  materials  discussed  in  this  bulletin. 
For  this  reason  it  has  seemed  desirable  to  discuss  in  the  present 
section  the  origin,  composition,  varieties,  and  chemical  and  physical 
characters  of  limestone  in  general.  This  has  been  done  in  considerable 
detail.  The  present  section  will,  therefore,  serve  as  an  introduction 
to  the  discussions  of  both  the  Portland  and  natural  cements. 

ORIGIN   OF  LIMESTONES. 

Limestones  ^  have  been  formed  largely  by  the  accumulation  at  the 
sea  bottom  of  the  calcareous  remains  of  such  organisms  as  the  foram- 
inifera,  corals,  and  mollusks.  Many  of  the  thick  and  extensive  lime- 
stone deposits  of  the  United  States  were  probably  marine  deposits 
formed  in  this  way.  Some  of  these  limestones  still  show  the  fossils 
of  which  they  were  formed,  but  in  others  all  trace  of  organic  origin  has 
been  destroyed  by  the  fine  grinding  to  which  the  shells  and  corals 
were  subjected  before  their  deposition  at  the  sea  bottom.  It  is  prob- 
able also  that  a  large  part  of  the  calcium  carbonate  of  these  liniestones 
was  a  purely  chemicjil  deposit  from  solution,  cementing  the  shell  frag- 
ments together. 

Other  limestones,  far  less  extensive,  though  important  in  the  present 
connection,  owe  their  origin  to  the  indirect  action  of  organisms.  The 
"  marls,"  so  important  to-day  as  Portland  cement  materials,  fall  in  this 
class.  As  the  deposits  of  this  class  are  of  limited  extent,  however, 
their  method  of  origin  may  be  dismissed  here,  but  will  be  described 
later,  on  pages  34-36. 

Deposition  from  solution  by  purely  chemical  means  has  undoubtedly 
given  rise  to  numerous  limestone  deposits.  When  this  deposition  took 
pliK!e  in  caverns  or  in  the  open  air  it  gave  rise  to  onyx  deposits  and 
to  the  ^'travertine  marls"  of  certain  localities  in  Ohio  and  elsewhere. 
When  it  took  place  in  isolated  portions  of  the  sea  through  the  evapo- 
ration of  the  sea  water  it  gave  rise  to  the  limestone  beds  which  so 
frec|uently  accompany  deposits  of  salt  and  gypsum. 

(>  For  a  more  detAilcd  dbicus8ion  of  tbis  subject  tbe  reader  will  do  well  to  consult  Chapter  h  of 
Prof.  J.  F.  Kemp*»  Handbook  of  Rocks. 
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VARIETIES  OF  LIMESTONE. 

A  number  of  terms  are  in  general  use  for  the  different  varieties  of 
limestone,  based  upon  differences  of  origin,  texture,  composition,  etc. 
The  more  important  of  these  terms  will  be  briefly  defined. 

The  marbles  are  limestones  which,  through  the  action  of  heat  and 
pressure,  have  become  more  or  less  distinctly  crystalline,  though  the 
term  marble  is  often  extended  to  cover  any  limestone  which  will  take 
a  good  polish.  The  tenn  marl,  as  at  present  used  in  tement  manufac- 
ture, is  applied  to  a  loosely  cemented  mass  of  lime  carbonate  formed 
in  lake  basins,  as  described  on  page  34.  Calcareous  tufa  and  traver- 
tine are  more  or  less  compact  limestones,  deposited  by  spring  or 
stream  waters  along  their  courses.  Oolitic  limestones,  so  called 
because  of  their  resemblance  to  a  mass  of  fish  roe,  are  made  up  of 
small  rounded  grains  of  lime  carbonate  having  a  concentrically  lami- 
nated structure.  Chalk  is  a  fine-grained  limestone  composed  of  finely 
comminuted  shells,  particularly  those  of  the  foraminifera.  The  pres- 
ence of  much  silica  gives  rise  to  a  siliceous  or  cherty  limestone.  If 
the  silica  present  is  in  combination  with  alumina  the  resulting  lime- 
stone will  be  clayey  or  argillaceous. 

CHEMICAL  COMPOSITION   OF  LIMESTONE. 

A  theoretically  pure  limestone  is  merely  a  massive  form  of  the  min- 
eral calcite.  Such  an  ideal  limestone  would  therefore  consist  entirely 
of  calcium  carbonate  or  carbonate  of  lime  (CaCOj)  or  56  per  cent  cal- 
cium oxide  (CaO)  plus  44  per  cfent  carbon  dioxide  or  carbonic  acid 
(CO,).  As  might  be  expected,  limestones  as  quarried  differ  more  or 
less  widely  from  this  theoretical  composition.  These  departures  from 
ideal  purity  may  take  place  along  either  of  two  lines:  (1)  The  presence 
of  magnesia  in  place  of  part  of  the  lime;  (2)  the  presence  of  silica, 
iron,  alumina,  alkalies,  or  other  impurities. 

It  seems  advisable  to  discriminate  between  these  two  cases,  even 
though  a  given  sample  of  limestone  may  fall  under  both  heads. 

MAGNERrA   IN   LIMESTONE. 

The  theoretically  pure  limestones  are,  as  above  noted,  composed 
entirely  of  calcium  carbonate  and  correspond  to  the  chemical  formula 
CaCOj.  Setting  aside  for  the  moment  the  question  of  the  presence  or 
absence  of  such  impurities  as  iron,  alumina,  silica,  etc.,  it  may  Ije  said 
that  lime  is  rarely  the  only  base  in  a  limestone.  During  or  after  the 
formation  of  the  limestone  a  certain  percentage  of  magnesia  is  usually 
introduced  in  place  of  part  of  the  lime,  thus  giving  a  more  or  less 
magnesian  limestone.     In  such  magnesian  limestones  part  of  the  cal- 
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cium  carbonate  is  replaced  by  magnesium  carbonate  (MgCOj),  the 
general  formula  for  magnesian  limestone  being  therefore  x  CaCO,, 
y  MgCOj.  In  this  fommla  x  may  vary  from  100  per  cent  to  zero, 
while  y  will  vary  inversely  from  zero  to  100  per  cent.  Where  the  two 
carbonates  are  united  in  equal  molecular  proportions,  the  resultant  rock 
is  called  dolomite.  It  has  the  formula  CaCOj,  MgCOj  and  is  com- 
posed of  54.35  per  cent  calcium  carbonate  and  45.65  per  cent  mag- 
nesium carbonate.  If  the  calcium  carbonate  has  been  entirely  replaced 
by  magnesium  carbonate,  the  resulting  pure  carbonate  of  magnesia  is 
called  magnesite,  having  the  formula  MgCO,  and  being  composed  of 
47.6  per  cent  magnesia  (MgO)  and  52.4  per  cent  carbon  dioxide  (COg). 

Rocks  of  the  limestone  series  may  therefore  vary  in  composition 
from  pure  calcite  limestone  at  one  end  of  the.  series  to  pure  magnesite 
at  the  other.  The  term  limestone  has,  however,  been  restricted  in 
general  use  to  those  rocks  which  have  a  composition  between  that  of 
calcite  and  dolomite.  All  the  more  uncommon  phases,  carrying  more 
than  45.65  per  cent  magnesium  carbonate,  are  usually  described  simply 
as  impure  magnesites. 

The  presence  of  much  magnesia  in  finished  Portland  cement  is  con- 
sidered undesirable,  3^  per  cent  being  the  maximum  permissible  under 
most  specifications.  Therefore  the  limestone  to  be  used  in  Portland 
cement  manufacture  should  not  carry  over  5  or  6  per  cent  of  mag- 
nesium carbonate. 

Though  magnesia  is  often  described  as  an  "impurity"  in  limestone, 
this  word,  as  can  be  seen  from  the  preceding  statements,  hardly 
expresses  the  facts  in  the  case.  The  magnesium  carbonate  present, 
whatever  its  amount,  simply  serves  to  replace  an  equivalent  amount 
of  calcium  carbonate,  and  the  resulting  rock,  whether  little  or  much 
magnesia  is  present,  is  still  a  pure  carbonate  rock.  With  the  impur- 
ities to  be  discussed  in  later  paragraphs,  however,  this  is  not  the  case. 
Silica,  alumina,  iron,  sulphur,  alkalies,  etc.,  when  present,  are  actual 
impurities,  not  merely  chemical  replacements  of  part  of  the  calcium 
carbonate. 

SILICA,  IRON,  AND   OTHER   IMPURITIES   IN   LIMESTONE. 

A  limestone  consisting  of  pure  calcium  carbonate  or  of  calcium  car- 
bonate with  more  or  less  magnesium  carbonate  may  also  contain  a 
greater  or  lesser  amount  of  distinct  impurities.  From  the  point  of 
view  of  the  cement  manufacturer,  the  more  important  of  these  impuri- 
ties are  silica,  alumina,  iron,  alkalies,  and  sulphur,  all  of  which  have 
a  marked  effect  on  the  value  of  the  limestone  as  a  cement  material. 

The  silica  in  limestone  may  occur  either  in  combination  with  alumina 
as  a  clayey  impurity,  or  not  combined  with  alumina.  As  the  effect  on 
the  value  of  the  limestone  would  be  very  different  in  the  two  cases, 
they  will  be  taken  up  separately. 
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Silica  in  limefitone. — Silica,  when  present  in  a  limestone  containing 
no  alumina,  may  occur  in  one  of  three  forms,  and  the  one  in  which  it 
occurs  is  of  great  importance  in  connection  with  cement  manufacture. 

(1)  In  perhaps  its  commonest  form  silica  is  present  in  nodules, 
masses,  or  beds  of  flint  or  chert.  Silica  occurring  in  this  form  will 
not  readily  enter  into  combination  with  the  lime  of  a  cement  mixture, 
and  a  cherty  or  flinty  limestone  is  therefore  almost  useless  in  cement 
manufacture. 

(2)  In  a  few  cases,  as  in  the  hydraulic  limestone  of  Teil,  France,  a 
large  amount  of  silica  and  very  little  alumina  are  present,  notwith 
standing  which  the  silica  readily  combines  with  the  lime  on  burning. 
It  is  probable  that  in  such  cases  the  silica  is  very  finely  divided  or 
occurs  as  hydrated  silica,  which  is  possibly  the  result  of  chemical 
precipitation  or  of  organic  action.  In  the  majority  of  cases,  however, 
a  highly  siliceous  limestone  will  not  make  a  cement  on  burning  unless 
it  contains  alumina  in  addition  to  the  silica. 

(3)  In  the  crystalline  limestones  (marbles),  and  less  commonly  in 
uncrystalline  limestones,  silica  may  occur  as  a  complex  silicate  in  the 
form  of  shreds  or  crystals  of  mica,  hornblende,  or  other  silicate  mineral. 
In  this  form  silica  is  somewhat  intractable  in  the  kiln,  and  mica  and 
other  silicate  minemls  are  therefore  to  be  regarded  as  inert  and  useless 
impurities  in  a  cement  rock.  These  silicates  will  flux  at  a  lower  tem- 
perature than  pure  silica,  and  are  thus  not  so  troublesome  as  flint  or 
chert.  They  are,  however,  much  less  serviceable  than  if  the  same 
amount  of  silica  were  present  in  combination  with  alumina  as  a  clay. 

Silica  vyith  alumina  in  limeatone. — Silica  and  alumina,  combined  in 
the  form  of  clay,  are  common  impurities  in  limestones  and  are  of 
special  interest  to  the  cement  manufacturer.  The  best-known  example 
of  such  an  argillaceous  limestone  is  the  cement  rock  of  the  Lehigh 
district  of  Pennsj'lvania.  Silica  and  alumina  when  present  in  this 
combined  form  unite  readily  with  the  lime  under  the  action  of  heat, 
and  an  argillaceous  limestone,  therefore,  forms  an  excellent  basis  for  a 
Portland-cement  mixture. 

Iron  in  limeHtone. — Iron  when  present  in  a  limestone  occurs  com- 
monly as  the  oxide  (FcjOs)  ^r  sulphide  (FeS,);  more  rarely  as  iron 
carbonate  or  in  complex  silicates.  Iron  in  the  oxide,  carbonate,  or 
silicate  forms  is  a  useful  flux,  aiding  in  the  combination  of  the  lime 
and  silica  in  the  kiln.  When  present  as  a  sulphide,  in  the  form  of  the 
mineral  pyrite,  in  quantities  exceeding  2  or  3  per  centj  it  is  to  be 
avoided. 

PHYSICAL  CHARACTERS  OF  LIMESTONES. 

In  texture,  hardness,  and  compactness  the  limestones  vary  from  the 
loosely  consolidated  marls  through  the  chalks  to  the  hard,  compact 
limestones  and  marbles.  They  differ  in  absorptive  properties  and 
density.    The  chalky  limestones  may  have  a  specific  gravity  as  low  as 
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1.85,  corresponding  to  a  weight  of  110  pounds  per  cubic  foot,  while 
the  compact  limestones,  commonly  used  fol'  building  purposes,  range 
in  specific  gravity  between  2.3  and  2.9,  corresponding  approximately 
to  a  range  in  weight  of  from  140  to  185  pounds  per  cubic  foot. 

From  the  point  of  view  of  the  Portland-cement  manufacturer  these 
variations  in  physical  properties  are  of  economic  interest  chiefly  in 
their  bearing  upon  two  points—  the  percentage  of  water  carried  by 
the  limestone  as  quarried  and  the  ease  with  which  the  rock  may  be 
crushed  and  pulverized.  To  some  extent  the  two  properties  counter- 
balance each  other;  the  softer  the  limestone  the  more  absorbent  is  it 
likely  to  be.  These  purely  economic  features  will  be  discussed  in 
more  detail  on  later  pages. 

EFFECT  OF   HEAT  ON  LIMESTONE. 

On  heating  a  nonmagnesian  limestone  to  or  above  300^  C.  its  car- 
bon dioxide  will  be  driven  off,  leaving  quicklime  (calcium  oxide,  CaO). 
If  a  magnesian  limestone  be  similarly  treated,  the  product  would  be  a 
mixture  of  calcium  oxide  and  magnesium  oxide  (MgO).  The  rapidity 
and  perfection  of  this  decomposition  can  be  increased  by  passing 
steam  or  air  through  the  burning  mass.  In  practice  this  is  aiccom- 
plished  either  b}-  the  direct  injection  of  air  or  steam  or  more  simply 
b}^  thoroughly  wetting  the  limestone  before  putting  it  into  the  kiln. 

If,  however,  the  limestone  contains  an  appreciable  amount  of  silica, 
alumina,  and  iron,  the  effects  of  heat  will  not  be  of  so  simple  a  chai*ac- 
ter.  At  temperatures  of  800^  C.  and  upward  these  cla3'ey  impurities 
will  combine  with  the  lime  oxide,  giving  silicates,  aluminates,  and  related 
salts  of  lime.  In  this  manner  a  natural  cement  will  be  produced  (see 
pp.  333-334).  An  artificial  mixture  of  a  certain  uniform  composition, 
burned  at  a  higher  temperature,  will  give  a  Portland  cement. 

ARGILLACEQUS  LIMESTONE   (CEMENT  ROCK). 

An  argillaceous  limestone  containing  approximately  75  per  cent  of 
lime  carbonate  and  20  per  cent  of  clayey  materials  (silica,  alumina, 
and  iron  oxide)  would,  of  course,  be  the  ideal  material  for  use  in  the 
manufacture  of  Portland  cement,  as  such  a  rock  would  contain  within 
itself  in  the  proper  proportions  all  the  necessary  ingredients.  It 
would  require  the  addition  of  no  other  material,  but  when  burnt  alone 
would  give  a  good  cement.  This  ideal  cement  material  is,  of  course, 
never  found,  but  certain  argillaceous  limestones  approach  it  very 
closely  in  composition. 

The  most  important  deposit  of  these  argillaceous  limestones  or 
"cement  rocks"  is  that  which  is  so  extensivclv  utilized  in  Portland- 
cement  manufacture  in  the  Lehigh  district  of  Pennsylvania  and 
New  Jerse3\  As  this  area  still  furnishes  about  two-thirds  of  all  the 
Portland  cement  manufactured  in  the  United  States,  its  raw  materials 
are  described  in  some  deta-il  on  pages  31-82. 
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CEMENT  ROCK  OF  THE  LEHIGH   DISTRICT. 


The  Lehigh  district  of  the  cement  trade  comprises  parts  of  Berks, 
Lehigh,  and  Northampton  counties,  Pa.,  and  of  Warren  County,  N.  J. 
Within  this  relatively  small  area  are  located  about  20  Portland-cement 
mills,  which  produce  a  little  over  two-thirds  of  the  entire  American 
output.  As  deposits  of  the  cement  rock  used  by  these  plants  extend 
far  beyond  the  present  Lehigh  district,  a  marked  extension  of  the 
district  will  probably  take  place  as  the  need  for  larger  supplies  of 
raw  material  becomes  more  apparent. 

The  "cement  rock"  of  the  Lehigh  district  is  a  highly  argillaceous 
limestone  of  Trenton  (lower  Silurian)  age.  The  formation  is  about 
300  feet  thick  in  this  area.  The  rock  is  very  dark  gray,  and  usually 
has  a  slaty  fracture.  In  composition  it  ranges  from  about  60  per  cent 
lime  carlK)nate  with  30  per  cent  clayey  material,  up  to  80  per  cent 
lime  carbonate  with  15  per  cent  of  silica,  alumina,  and  iron.  The  . 
lower  beds  of  the  formation  always  contain  more  lime  carbonate  than 
those  above.  The  content  of  magnesium  carbonate  in  these  cement 
rocks  is  always  high,  as  Portland  cement  material  goes,  ranging  from 
3  to  6  per  cent. 

Near  and  in  some  cases  immediately  beneath  these  cement  beds 
are  beds  of  purer  limestone,  containing  from  85  to  96  per  cent  lime 
carbonate.  The  usual  practice  in  the  Pennsylvania  and  New  Jersey 
plants  has  been,  therefore,  to  mix  a  relatively  small  amount  of  this 
purer  limestone  with  the  low  lime  "cement  rock"  in  such  proportions 
as  to  give  a  cement  mixture  of  proper  composition. 

The  economic  and  technologic  advantages  of  using  such  a  combina- 
tion of  materials  are  verj^  evident.  Both  the  pure  limestone  and  the 
cement  rock,  particularly  the  latter,  can  be  quarried  very  easily  and 
cheaply.  As  quarried  they  carry  but  little  water,  so  that  the  expense 
of  drying  them  is  slight.  The  fact  that  about  four-fifths  of  the 
cement  mixture  will  be  made  up  of  a  natural  cement  rock  permits 
coarser  grinding  of  the  raw  mixture  than  would  be  permissible  in 
plants  using  pure  limestone  or  marl  with  clay.  This  point  is  more 
fully  explained  on  page  47.  When  natural  cement  rock  is  used  as 
part  of  the  mixture  less  fuel  is  probably  necessary  to  clinker  the  mix- 
ture than  when  pure  limestone  is  mixed  with  cla3\ 

Such  mixtures  of  argillaceous  limestone  or  "cement  rock"  with  a 
small  amount  of  pure  limestone  evidently  possess  important  advan- 
tages over  mixtures  of  pure  hard  limestone  or  marl  with  clay.  They 
are,  on  the  other  hand,  less  advantageous  as  cement  materials  than  the 
chalky  limestones  discussed  on  pages  33-34. 

The  analyses  in  the  table  below  are  fairly  representative  of  the 
materials  employed  in  the  Lehigh  district.  The  first  four  analyses 
are  of  "cement  rock,"  the  last  two  are  of  the  purer  limestone  used  for 
mixing  with  it. 
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Analyses  of  Lehigh  distrkt  cement  materials. 


Cement  rock. 


SilicaCSiOj) ,    10.02 

Alumina  (AlA) 1     g  2a 

Iron  oxide  (Fe,Os) i/ 

Lime  carbonate  (CaCO,) i    78.65 

Magnesium  carbonate  (MgCO,)  .  J      4. 71 


9.52 

4.72 

80.71 
4.92 


14.52 

6.52 

73.52 
4.69 


16.10 

2.20 

76.23 
3.54 


Limestone. 


3.02 

L90 

92.05 
3.04 


1.98 
0.70 

95.19 
2.03 


** CEMENT  rock"    IN  OTHER   PARTS  OP  THE   UNITED  STATES^ 

Certain  Portland-cement  plants,  particularly  in  the  western  part  of 
the  United  States,  use  combinations  of  materials  closely  similar  to 
those  in  the  Lehigh  district.  Analyses  of  the  materials  used  at  several 
of  these  plants  are  given  in  the  following  table: 

Analyses  of  **  cement  rock^*  and  limestone  from  the  western  United  Stales. 


Utah. 


Silica  (SiO,) 

Alumina  ( AljOj) 

Iron  oxide  (Fe^Og) 

Lime  carbonate  (CaCOg) 

Magnesium  carbonate  (MgOOg) 


Cement 
rock. 


21.2 
8.0 


62.08 
3.8 


Lime- 
stone. 


6.8 
3.0 


89.8 
0.76 


California. 


Colorado. 


Cement 
rock. 


20.06 
10.07 

3.39 
63.40 

L54 


Lime- 
stone. 


7.12 
2.36 
1.16 
87.70 
0.84 


Cement, 
rock. 

Lime- 
stone. 

14.20 

5.21 

L73 

75.10 

88.0 

LIO 

k    _  __  . 

In  addition  to  these  "cement  rocks"  many  of  the  chalky  limestones 
discussed  on  pages  33-34  are  sufficiently  argillaceous  to  be  classed  as 
*' cement  rocks."  Because  of  their  softness,  however,  all  the  chalJ^y 
limestones  will  be  described  together. 

PURE  HARD  LIMESTONES. 

Soon  after  the  American  Portland-cement  industry  had  become 
fairly  well  established  in  the  Lehigh  district  attempts  were  made  in 
New  York  State  to  manufacture  Portland  cement  from  a  mixture  of 
pure  limestone  and  .clay.  These  attempts  were  not  commercially  suc- 
cessful, and  although  their  failure  was  not  due  to  any  defects  in  the 
limestone  used,  a  certain  prejudice  arose  against  the  use  of  the  hard 
limestones.  In  recent  years,  however,  this  has  disappeared,  and  a 
very  large  proportion  of  the  American  output  is  now  made  from  mix- 
tures of  limestone  with  cla}^  or  shale.  The  use  of  the  hard  limestone 
is  doubtless  due  in  great  part  to  recent  improvements  in  grinding 
machinery,  for  the  purer  limestones  are  usually  much  harder  than 
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arg^illaceous  limestones  like  the  Lehigh  district  *^ cement  rock,"  and  it 
was  very  diflBcult  to  pulverize  them  finely  and  cheaply  with  the  crush- 
ing appliances  in  use  when  the  Portland  cement  industry  was  first 
started  in  America. 

A  series  of  analyses  of  representative  pure  hard  limestones,  together 
with  analyses  of  the  clays  or  shales  with  which  they  are  mixed,  is 
given  in  the  following  table:  ^ 

Analygen  of  pure  hard  limestones  and  clayey  materials. 


Silica  (SiO,) 

Alumina  (A1,0,) 

Iron. oxide  (FejOs)... 

Lime     carbonate 
(CaCX),) 

Magnesiam  carbonate 
(MgCO.) ,.... 


Limestones. 


L72 
L63 
6.59 

90.68 


0.86 

.63 

L03 

97.06 


0.56 

1.23 

.29 

97.23 

.75 


0.40 
I    .44 

97.99 
.42 


Clays  and  shales. 


63.56 


27.32 


3.60 


2.60 


55.80 


56.30 


30. 20     29. 86 


2.54 


{ 


60.00 

23.26 

4.32 

1.70 

1.50 


The  first  limestone  analysis  given  in  the  above  table  represents  a 
curious  type,  used  in  several  plants  in  the  Middle  West.  It  is  a  rela- 
tively impure  limestone,  its  principal  impurity  being  iron  oxide.  It 
contains  8.22  per  cent  of  iron  oxide  and  alumina,  as  compared  with 
1.72  per  cent  of  silica,  and  therefore  great  care  is  required  in  selecting 
a  suitable  high-silica  clay  to  mix  with  it. 

SOFT  LIMESTONES  (cHALK). 

Griffin  and  ffeneral  character. — Chalk,  properly  speaking,  is  a  pure 
carbonate  of  lime  composed  of  the  remains  of  the  shells  of  minute 
organisms,  those  of  foraminifera  being  especially  prominent.  The 
chalks  and  soft  limestones  discussed  agree,  not  only  in  having  usually 
originated  in  this  way,  but  also  in  being  rather  soft,  and  therefore 
readily  and  cheaply  crushed  and  pulverized.  As  Portland-cement 
materials  they  are  therefore  almost  ideal.  One  defect,  however, 
which  to  a  small  extent  counterbalances  their  obvious  advantages,  is 
the  fact  that  most  of  these  soft,  chalky  limestones  absorb  water  very 
readily.  A  chalky  limestone  which  in  a  dry  season  will  not  carry  over 
2  per  cent  of  moisture  as  quarried  may,  in  consequence  of  prolonged 
wet  weather,  show  as  high  as  15  or  20  per  cent  of  water.  This  diffi- 
culty can,  of  course,  be  avoided  if  care  be  taken  in  quarrying  to  avoid 
unnecessary  exposure  to  water  and,  if  necessary,  to  provide  facilities 
for  storing  a  supply  of  the  raw  materials  during  wet  seasons. 

Oeographic  and  ffeoloffic  distrihutum  in  the  United  States, — ^The 
chalks  and  chalky  limestones  are  confined  abnost  entirely  to  certain 
Bull.  243-05 3 
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Southern  and  Western  States.  They  are  all  of  approximately  the  same 
geologic  ages — Cretaceous  or  Tertiary — and  are  mostly  confined  to  one 
division  of  the  Cretaceous.  The  .principal  chalk  or  soft  limestone 
deposits  available  for  use  in  Portland-cement  manufacture  occur  in 
three  widely  separated  areas,  in  (a)  Alabama  and  Mississipppi,  (b) 
Texas  and  Arkansas,  and  (c)  Iowa,  Nebraska,  North  and  South  Dakota. 
Composition, — In  composition  these  chalks,  or  ^^  rotten  limestones," 
vary  from  a  rather  pure  calcium  carbonate,  low  in  both  magnesia  and 
clayey  materials,  to  an  impure  (clayey  limestone  requiring  little  addi- 
tional clay  to  make  it  fit  for  use  in  Portland-cement  manufacture.  The 
analyses  in  the  table  below  show  the  range  of  composition  of  the 
chalky  limestones. 

Analyses  of  chalky  limestones. 


Silica  (SiOj) 

Alumina  ( AljO^) 

Iron  oxide  (FejOj) 

Lime  carlxinate  (CaCOa) 

Magnesium  carbonate  (MgCOg) . 


Demopo- 
lis,  Ala. 

San  Anto- 
nio, Tex. 

Dallas, 
Tex. 

White 

Clifffl, 
Ark. 

12. 13 

5.  77 

23.55 

7.97 

4.17 
3.28 

1     2.12 

1.50 

l.Oi) 

75. 07 

90.15 

70.21 

88.64 

.92 

.15 

.58 

.73 

Yankton, 
8.  Dak. 


8.20 

7.07 

83. 59 
n.  (1. 


Milton, 
N.  Dak. 


9.15 

4.80 

30 

63.76 

1.25 
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FRESH-WATER   MARLS. 

Marls,  in  the  sense  in  which  the  term  is  used  in  the  Portland-cement 
industry,  are  incoherent  limestones  which  have  been  deposited  in  the 
basins  of  existing  or  extinct  lakes.  So  far  as  chemical  composition  is 
concerned,  marls  are  practically  pure  limestones,  being  composed 
almost  entirely  of  calcium  carbonate.  Physically,  however,  they  dif- 
fer greatl}'^  from  the  compact  rocks  which  are  commofjly  described  as 
limestones,  as  they  are  gmuular,  incoherent  deposits.  .  This  curious 
physical  character  is  due  to  the  conditions  under  which  they  have 
been  deposited,  and  accordingly  varies  somewhat. 

The  above  definition  of  marl  is  that  commonly  used  in  the  cement 
industry,  but  in  geological  and  agricultural  reports,  particularly  in 
those  issued  before  the  Portland-cement  industry  became  prominent 
in  this  country,  the  term  has  been  used  for  several  verj^  different  sub- 
stances. The  following  three  uses  of  the  term  have  been  particularly 
common,  and  must  be  guarded  against  when  such  reports  are  being 
examined  in  search  of  descriptions  of  deposits  of  cement  materials: 

(1)  In  early  days  the  terms  "  marls"  and  ••'  marlytes"  were  applied 
to  calcareous  shales  and  often  to  shales  which  were  not  particularly 
calcareous.    This  use  of  the  term  will  be  found  in  many  of  the  earlier 


ECKEL.  1  MARLS.  35 

geological  reports  issued  by  New   York,  Ohio,  and  other   interior 
States. 

(2)  In  New  Jersey  and  the  States  southward  bordering  on  the  Atlan- 
tic and  Gulf  of  Mexico  the  term  ''marl"  is  commonly  applied  to 
deposits  of  soft,  chalky,  or  unconsolidated  limestone,  often  contain- 
ing considable  clayey  and  phosphatic  matter.  These  limestones  are 
of  marine  origin  and  are  not  related  to  the  fresh-water  marl  deposits 
here  discussed. 

(3)  In  the  same  States  mentioned  in  the  last  paragraph,  but  par- 
ticularly in  New  Jersey  and  Virginia,  large  deposits  of  the  so-called 
''greensand  marls"  occur.  This  material  is  in  no  way  related  to  the 
true  marls,  which  are  essentially  lime  carbonates,  but  consists  almost 
entirely  of  an  iron  silicate,  with  very  small  percentages  of  clayey, 
calcareous,  and  phosphatic  matter. 

Origin  ofviarls. — The  exact  cause  of  the  deposition  of  marls  has 
been  the  subject  of  much  investigation  and  discussion,  particularly  in 
the  la*st  few  years,  since  they  have  become  of  economic  importance. 
The  most  important  papers  concerning  this  question  are  as  follows: 

Blatcfiley,  W.  S.,  and  Ashley,  G.  H.,  The  lakes  of  northern  Indiana  and  their 
associated  marl  deposits:  Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geol.  Nat.  Res.,  pp. 
31-321. 

Davis,  C.  A.,  A  contribution  to  the  natural  history  of  marl:  Jour.  Geol.,  vol.  8, 
pp.  485-497. 

Davis, C.  A.,  Second  contribution  to  the  natural  history  of  marl:  Jour.  Geol.,  vol.  9, 
pp.  491-506. 

Davis,  C.  A.,  A  contribution  to  the  natural  history  of  marl:  Rept.  Michigan  Geol. 
Surv'ey,  vol.  8,  pt.  3,  pp.  65-102. 

Lane,  A.  C,  Notes  on  the  origin  of  Michigan  bog  limes:  Rept.  Michigan  Geol. 
Survey,  vol.  8,  pt.  3,  pp.  199-223. 

Disregarding  the  points  in  controversy,  which  are  of  no  practical 
importance,  it  may  be  said  that  marls  are  deposited  in  lakes  b}^  spring 
or  stream  waters  carrying  lime  carbonate  in  solution.  The  actual 
deposition  is  due  in  part  to  purely  physical  and  chemical  causes,  and 
in  part  to  the  direct  or  indirect  action  of  animal  or  vegetable  life. 
The  result  in  any  case  is  that  a  calcareous  deposit  forms  along  the  sides 
and  over  the  bottom  of  the  lake,  this  deposit  consisting  of  lime  car- 
bonate, mostly  in  a  finely  granular  form,  interspersed  with  shells  and 
shell  fragments. 

Geographic  distribution  of  marl  d4ipout8. — ^The  geographic  distribu- 
tion of  marl  deposits  is  intimately  related  to  the  geologic  history  of 
the  region  in  which  they  occur.  Marl  beds  are  the  result  of  the  filling 
of  lake  basins.  Lakes  are  not  common  in  the  United  States,  except  in 
areas  which  have  been  glaciated,  since  they  are  in  general  due  to  the 
damming  of  streams  by  glacial  material.  Workable  marl  deposits, 
therefore,  are  confined  almost  exclusively  to  those  portions  of  the 
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United  States  and  Canada  lying  north  of  the  southern  limit  of  the 
glaciers. 

Marl  beds  are  found  in  the  New  England  States,  where  they  are 
occasionally  of  important  size,  and  in  New  York,  where  large  beds 
occur  in  the  central  and  western  portions  of  the  State.  Deposits  are 
frecjuent  and  important  in  Michigan  and  in  the  northern  portions  of 
Ohio,  Indiana,  and  Illinois.  They  occur  in  Wisconsin  and  Minnesota, 
but  have  not  been  as  yet  exploited  for  cement  manufacture. 

CamjxmtUm, — As  shown  by  the  analysis  below,  marls  are  usually 
very  pure  lime  carbonates.  They  therefore  require  the  addition  of 
considerable  clay  to  bring  them  up  to  the  proper  composition  for  a 
Portland-cement  mixture. 

The  marls  are  readily  excavated,  but  necessarily  carry  a  large  per- 
centage of  water.  The  mixture,  on  this  account,  is  commonly  made 
in  the  wet  way,  which  necessitates  driving  off  a  high  percentage  of 
water  in  the  kilns.  Analyses  of  typical  marls  and  clays  are  given  in 
the  following  table: 

Analyses  of  marls  and  clays  used  in  cement  plants. 


Silica  (SiOj) 

Alumina  ( AljO,) 

Iron  oxide  (Fe,Oa) 

Lime  carbonate  (CaCO,) 

Magnesium  carbonate  ( MgCO,) 


0.25 

}      .10 

94.39 
.38 


Marl. 


3.0 


93.0 
1.6 


1.60 

1.55 

88.9 
.94 


40.48 

20.95 

25.80 
.99 


Clay. 


{ 


52.0 

17.0 

5.0 

20.0 


63.75 

16.40 

6.35 

4.0 

2.1 


ALKALI  WASTE. 


A  very  large  amount  of  waste  material  results  from  the  manufac- 
turing of  caustic  soda.  This  waste  material  is  largely  a  precipitated 
form  of  calcium  carbonate,  and  if  sufficiently  free  from  impurities 
furnishes  a  cheap  source  of  lime  for  use  in  Portland-cement  manu- 
facture. 

The  availability  of  alkali  waste  for  this  purpose  depends  largely  on 
what  process  was  used  at  the  alkali  plant.  Leblanc-process  waste,  for 
example,  carries  a  very  large  percentage  of  sulphides,  which  prevents 
its  use  as  a  Portland-cement  material.  Waste  resulting  from  the  use 
of  the  ammonia  process,  on  the  other  hand,  is  usually  a  very  pure 
mass  of  lime,  mostly  in  the-  form  of  carlx>nate,  though  a  little  lime 
hydrate  is  commonly  present.  As  pyrite  is  not  used  in  the  ammonia 
process,  the  waste  is  usually  low  enough  in  sulphur  to  be  used  as  a 
cement  material.     The  waste  may  carry  a  low  or  a  very  high  percent- 
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age  of  magnesia,  according  to  the  character  of  the  limestone  that  has 
been  used  in  the  alkali  plant.  When  a  limestone  low  in  magnesium 
carbonate  has  been  used  the  resulting  waste  is  a  very  satisfactory 
Portland-cement  material. 

The  following  analj'ses  are  fairly  representative  of  the  waste  obtained 
at  alkali  plants  using  the  ammonia  process: 

Aruilytte9  of  alkali  waste. 


Silica  (SiO,) 

Alumina  ( AljO,) 

Iron  oxide  ( FcjO,) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,  K,0) 

Sulphur  trioxide  (SO,)  ... 

Sulphur  (S) 

Carbon  dioxide  (COj) 

Water  and  organic  matter 


} 


0.60 
3.04 

53. 33 
0.48 
0.20 

n.  d. 

n.  d. 

42. 43 

n.  d. 


2 


I 


L75 
0.61 

50.60 
5.35 
0.64 

n.  d. 
0.10 

4L70 


8 


{ 


{ 


1.98 
1.41 
1.38 

48.29 
1.51 
0.64 
1.26 

n.  d. 

39.60 
.3.80 


) 


0.98 
L62 

50.40 
4.97 
0.50 

n.  d. 
0.06 

n.  d. 

n.  d. 


Of  the  analyses  quoted  in  the  preceding  table,  those  in  the  first  and 
third  columns  represent  materials  which  are  used  in  Portland-cement 
manufacture  in  England  and  the  United  States.  The  alkali  wastes 
whose  anal3^ses  are  given  in  the  second  and  fourth  columns  are  too 
high  in  magnesia  to  be  advisable  for  such  use. 


BLAST-FURNACE   SLAG. 

True  Portland  cements,  which  must  be  sharply  distinguished  from 
the  slag  (or  puzzolan)  cements  described  on  pages  357-372,  can  be 
made  from  a  mixture  of  blast-furnace  slag  and  limestone  which  is 
finely  powdered,  and  is  then  burned  in  kilns  and  the  resulting  clinker 
pulverized. 

Tlae  slags  from  iron  furnaces  consist  essentially  of  lime  (CaO),  silica 
(SiO,),  and  alumina  (AlgO,),  though  small  percentages  of  iron  oxide 
(FeO),  magnesia  (MgO),  and  sulphur  (S)  are  commonly  present.  Slag 
may  therefore  be  regarded  as  a  very  impure  limestone  or  a  very  cal- 
careous clay,  from  which  the  carbon  dioxide  has  been  driven  oif. 

In  the  United  States  two  plants  manufacture  true  Portland  cement 
from  slag,  as  noted  on  pages  137  and  294. 
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The  slag  used  at  a  German  Portland  cement  plant  hna  the  following 
range  in  composition: 

Analysis  of  slag  used  in  Portland-cement  manufacture. 

Silica  (SiO,) 30.0to35.0 

Alumina  (AljOs) 10.0  to  14.0 

Iron  oxide  (FeO) 2  to    1.2 

Lime(CaO) 46.0  to  49.0 

Magnesium  oxide  (MgO) 5  to    3. 5 

Sulphur  trioxide  (SO,) 2  to     .6 

CLAYS  AND  SHALES. 

Clays  are  ultimately  derived  from  the  decay  of  older  rocks,  the  finer 
particles  being  carried  off  by  streams  and  deposited  as  beds  of  clay 
along  channels,  in  lakes,  or  along  parts  of  the  seacoast  or  sea  bottom. 
In  chemical  composition  the  clays  are  made  up  essentially  of  silica 
and  alumina,  though  iron  oxide  is  almost  invariably-  present  in  more 
or  less  amount,  while  lime,  magnesia,  alkalis,  and  sulphur  occur  fre- 
quently, though  usually  onl}"  in  small  percentages. 

Shales  are  clays  which  have  become  hardened  by  pressure.  The 
so-called  "fire  claj^s"  of  the  Coal  Measures  are  shales,  as  are  man}"  of 
the  other  "claj's"  of  commerce. 

For  use  as  Portland-cement  materials  clays  or  shales  should  be  free 
from  gravel,  and  sand,  as  the  silica  present  as  pebbles  or  grit  is  pi-acti- 
cally  inert  in  the  kiln  unless  ground  more  finely  than  is  economically 
practicable.  In  composition  they  should  not  carry  less  than  56  per 
cent  of  silica,  and  preferabl}"  from  60  to  70  per  cent.  The  alumina 
and  iron  oxide  together  should  not  amount  to  more  than  one-half  the 
percentage  of  silica,  and  the  composition  will  usually  be  better  the 

nearer  the  ratio  AlgOs+FejOs=—o—*  is  approached. 

Nodules  of  lime  carbonate,  gypsum,  or  pyrite,  if  present  in  any 
quantity,  are  undesirable,  though  the  lime  carbonate  is  not  absolutely 
injurious.  Magnesia  and  alkalis  should  be  low,  preferabh^  not  alx)ve 
3  per  cent. 

Analyses  of  clays  and  shales  used  in  various  Ameriean  Portland 
cement  plants  are  given  on  pages  38  and  36. 

SLATE. 

Slate  is,  so  far  as  origin  is  concerned,  merely  a  fonn  of  shale  in 
which  a  fine,  even,  and  parallel  cleavage  has  been  developed  b}^  pres- 
sure. In  composition,  therefore,  it  varies  exactly  as  do  the  shales 
considered  on  previous  pages,  and  so  far  as  composition  alone  is  con- 
(*erned,  slate  would  not  be  worth}-  of  more  attention,  as  a  Portland- 
cement  material,  than  anv  other  shale. 
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Commercial  considerations  in  connection  with  the  slate  industry, 
however,  make  slate  a  very  important  possible  source  of  cement  mate- 
rial. Good  rooting  slate  is  a  relativeh^^  scarce  and  commands  a  good 
price  when  foimd.  In  the  preparation  of  roofing  slate  for  the  market 
so  much  material  is  lost  during  sawing,  splitting,  etc.,  that  onlj^ 
about  10  to  25  per  cent  of  the  amount  quarried  is  salable  as  slate. 
The  remaining  75  to  90  per  cent  is  of  no  service  to  the  slate  miner. 
It  is  sent  to  the  dump  heap,  and  is  a  continual  source  of  trouble  and" 
expense.  This  very  material,  however,  as  can  be  seen  from  the 
analyses  quoted  below,  is  often  admirable  for  use,  in  connection  with 
limestone,  in  a  Portland-cement  mixture.  As  it  is  a  waste  product  it 
could  be  obtained  very  cheaply  by  the  cement  manufacturer. 

Cumpositiofi  of  Americati  nH)fing  nlates.  , 


Silica  (SiOJ 

Alumina  ( AIjO,) 

Iron  oxide  (FeO,  Fe^Os) 
Lime(CaO) 

Magnesia  (Mg()) 

Alkalies  (K A  Na,0)... 
Ferrous  sulphide  ( FeSz)  - 
Carbon  dioxide  (COj) . . . 
Water  of  combination. . . 
Moisture  below  110°C  . . 


Minimum. 


54.05 

9.77 

2.18 

.00 

.12 

1.93 


VALUE  OF  DEPOSITS  OF  CEMENT  MATERIALS. 


The  determination  of  the  possible  value  for  Portland-cement  manu- 
facture of  a  deposit  of  mw  material  is  a  complex  problem,  depending 
upon  a  number  of  distinct  factors,  the  more  important  of  which  are  as 
follows:  (1)  Chemical  composition,  (2)  physical  character,  (3)  amount 
available,  (4)  location  with  respect  to  transportation  routes,  (5)  loca- 
tion with  respect  to  fuel  supplies,  (6)  location  with  respect  to  markets. 

Ignorance  of  the  respective  importance  of  these  factors  frequently 
leads  to  an  overestimate  of  the  value  of  a  deposit  of  raw  material. 
Their  effects  may  be  briefly  stated,  as  follows: 

(/)  CJtetm^al  ccnnpoHition, — ^The  niw  material  must  be  of  correct 
chemical  composition  for  use  as  a  cement  material.  This  implies  that 
the  material,  if  a  limestone,  must  contain  as  small  a  percentage  as 
possible  of  magnesium  carbonate.  Under  present  conditions,  5  or  6 
per  cent  is  the  maximum  permissible.  Free  silica,  in  the  form  of 
chert,  flint,  or  sand,  nmst  l)e  absent,  or  present  onl}^  in  small  quan- 
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tity — say  1  per  cent  or  less.  If  the  limestone  is  a  clayey  limestone^ 
or  "cement  rock,"  the  proportion  between  its  silica  and  its  alumina 
and  iron  should  fall  within  the  limits 

SiO,         ^  o.  SiO, 


>  2:  ——±^^——  <  3.6. 


A1,03H-Fe,0,  ^    '  Al,0,+Fe,0 

A  clay  or  shale  should  satisfy  the  above  equation,  and  should  be  free 
from  sand,  gravel,  etc.  Alkalies  and  sulphates  should,  if  present,  not 
exceed  3  per  cent. 

{S)  Physical  character. — Economy  in  excavation  and  crushing 
requires  that  the  raw  materials  should  be  as  soft  and  as  dry  as  possible. 

(3)  Ainount  avaUabU. — A  Portland-cement  plant  running  on  dry 
raw  materials,  such  as  a  mixture  of  limestone  and  shale,  will  use 
approximately  20,000  tons  of  raw  material  a  year  per  kiln.  Of  this 
about  15,000  tons  are  limestone  and  5,000  tons  shale.  Assuming  that 
the  limestone  weighs  160  pounds  per  cubic  foot,  which  is  a  fair  aver- 
age weight,  each  kiln  in  the  plant  will  require  about  190,000  cubic 
feet  of  limestone  a  year.  As  the  shale  or  clay  may  be  assumed  to 
contain  considerable  water,  a  cubic  foot  will  probably  contain  not  over 
125  pounds  of  dry  material,  so  that  each  kiln  will  also  require  about 
80,000  cubic  feet  of  shale  or  clay. 

A  cement  plant  is  an  expensive  undertaking,  and  it  would  be  folly 
to  locate  a  plant  with  less  than  a  twenty  years'  supply  of  raw  material 
in  sight.  In  order  to  justify  the  erection  of  a  cement  plant,  there 
must  he  in  sight  at  hast  3^800^000  cubic  feet  of  limestone  and  1^000  fiOO 
cubic  feet  of  clay  or  shale  fat*  each  hiln, 

(Ji)  Location  with  resjyect  to  transportation  routes. — Portland  cement 
is  for  its  value  a  bulky  product,  and  is  therefore  much  influenced  by 
transportation  routes.  To  locate  a  plant  on  only  one  railroad,  unless 
the  railroad  officials  are  financially  connected  with  the  cement  plant, 
is  simply  to  invite  disaster.  At  least  two  transportation  routes  should 
be  available,  and  it  is  best  of  all  if  one  of  these  be  a  good  water  route. 

(5)  Location  rcith  respect  to  fuel  suypliss, — Every  barrel  (380  pounds) 
of  Portland  cement  marketed  implies  that  at  least  200  to  300  pounds  of 
coal  have  been  used  in  the  power  plant  and  the  kilns.  In  other  words, 
each  kiln  in  the  plant  will,  with  its  corresponding  crushing  machinery, 
use  up  from  6,000  to  9,000  tons  of  coal  a  year.  The  item  of  fuel  cost 
is  therefore  highly  important,  for  in  the  average  plant  about  30  to 
40  per  cent  of  the  total  cost  of  the  cement  will  be  chargeable  to  coal 
supplies. 

(tf)  Location  with  respex;t  to  marTcets. — In  order  to  achieve  an  estab- 
lished position  in  the  trade,  a  new  cement  plant  should  have  {a)  a  local 
market  area,  within  which  it  may  sell  practicall}^  on  a  noncompetitive 
basis,  and  (J)  easy  access  to  a  larger  though  competitive  market  area. 
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METHODS  AND  COST  OF  EXCAVATING  RAW  MATERIALS. 

The  natural  raw  materials  used  in  Portland-cement  manufacture  are 
obtained  by  one  of  three  methods:  (1)  Quarrying,  (2)  mining,  and  (3) 
dredging.  The  method  will  depend  partly  on  the  physical  character 
of  the  material  and  partly  on  the  topographic  and  geologic  conditions. 
Usually,  however,  there  is  no  opportunity  for  choice,  as  one  of  the 
methods  will  offer  the  only  possible  mode  of  handling  the  material. 
The  three  different  methods  of  excavation  will  first  be  briefly  con- 
sidered, after  which  the  cost  of  raw  materials  at  the  mill  will  be 
discussed. 

Quarrying, — In  the  following  pages  the  term  "quarrying"  will 
include  all  methods  of  obtaining  raw  materials  from  open  excavations — 
quarries,  cuts,  or  pits — whether  the  material  be  a  limestone,  a  shale,, 
or  a  clay.  Quarrying  is  the  most  natui*al  and  common  method  of  exca- 
vating the  raw  materials  for  cement  manufacture.  If  marl,  which  is 
usually  worked  by  dredging,  be  excluded  from  consideration,  it  is 
probably  within  safe  limits  to  say  that  96  per  cent  of  the  raw  mate- 
rials used  at  American  Portland-cement  plants  is  obtained  by  quar- 
rying. If  marls  be  included,  the  percentages  excavated  by  the 
different  methods  would  probably  be  about  as  follows:  Quarrying,  88 
per  cent;  dredging,  10  per  cent;  mining,  2  per  cent. 

In  the  majority  of  limestone  quarries  the  material  is  blasted  out  and 
loaded  by  hand  onto  cars  or  carts.  In  a  few  limestone  quarries  a 
steam  shovel  is  employed  to  do  the  loading,  and  in  shale  (juarries  the  use 
of  steam  shovels  is  more  frequent.  In  certain  clay  and  shale  pits, 
where  the  materials  are  of  suitable  character,  the  steam  shovel  does 
all  the  work,  both  excavating  and  loading  the  raw  materials. 

The  rock  is  usually  shipped  to  the  mill  as  quarried,  without  any  treat- 
ment except  sledging  it  to  convenient  size  for  loading.  At  a  few 
quarries,  however,  a  crushing  plant  is  installed,  and  the  rock  is  sent 
as  crushed  stone  to  the  mill.  At  a  few  quarries  driers  have  been 
installed,  and  the  stone  is  dried  before  being  shipped  to  the  mill. 
Except  the  saving  of  mill  space  thus  attained,  this  practice  seems  to 
have  little  to  commend  it. 

Mining, — The  term  ''mining"  will  be  used,  in  distinction  from 
"quarrying,"  to  include  methods  of  obtaining  any  kind  of  mw  mate- 
rial by  imderground  workings,  through  shafts  or  tunnels.  Mining  is, 
of  course,  rarely  employed  in  excavating  substances  of  such  low  value 
per  ton  as  the  raw  materials  for  Portland-cement  manufacture. .  Occa- 
sionall}^  however,  a  thin  bed  of  limestone  or  shale  will  be  overlain  by 
such  a  thickness  of  other  strata  that  mining  will  be  cheaper  than  strip- 
ping and  quarrying. 

Mining  is  considerably  more  expensive  than  quarrying,  but  it  has  a 
few  advantages  that  serve  to  counterbalance  j)artly  the  greater  cost  ptn* 
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ton  of  raw  material.  A  mine  can  be  worked  steadily  and  economically 
in  all  kinds  of  weather,  while  an  open  cut,  or  quarry,  is  commonly-  in  a 
more  or  less  unworkable  condition  for  about  three  months  of  the  year. 
Material  won  by  mining  is,  moreover,  always  dry  and  clean. 

Thedging, — The  term  "dredging"  will  be  here  used  to  include  all 
methods  of  excavating  soft,  wet  mw  materials.  In  the  United  States 
the  only  raw  material  for  Portland-cement  manufacture  extensively 
worked  by  dredging  is  marl.  Occasionally  the  clay  used  is  obtained 
from  deposits  overlain  by  more  or  less  water;  but  this  is  rarely  done 
except  where  the  marl  and  clay  are  interbedded  or  associated. 

A  marl  deposit,  in  addition  to  containing  much  water  diffused 
throughout  its  mass,  is  usually  covered  by  water  to  a  considerable 
depth.  This  will  frequently  require  the  partial  draining  of  the  basin 
in  order  to  get  tracks  laid  near  enough  to  be  of  service. 

In  dredging  marl  the  excavator  is  frequently  mounted  on  a  barge, 
which  floats  in  a  channel  resulting  from  previous  excavation.  Occa- 
sionally, in  deposits  which  either  were  originally  covered  by  very  little 
water  or  have  been  drained,  the  shovel  is  mounted  on  a  car  which 
runs  on  tracks  laid  along  the  edge  of  the  deposit. 

A  deposit  worked  ])y  dredging  always  occurs  in  a  basin  or  depres- 
sion, and  at  a  lower  elevation  than  the  mill,  thus  necessitating  uphill 
transportation,  which  may  be  effected  in  two  ways,  the  choice  depend- 
ing largely  upon  the  manufacturing  processes  in  use  at  the  plant.  At 
plants  using  dome  or  chamber  kilns,  or  where  the  marl  is  to  be  dried 
before  it  is  sent  to  the  kiln,  the  excavated  material  is  usually  loaded 
by  the  shovel  on  cars  and  hauled  to  the  mill  by  horse  or  steam  power. 
At  normal  marl  plants  using  a  verj^  wet  mixture  it  is  probably  more 
economical  to  dump  the  marl  from  the  excavator  into  tanks,  add  suffi- 
cient water  to  make  it  flow  readily,  and  pump  the  fluid  mixture  to  the 
mill  in  pipes. 

Cost  of  raw  rnatertals  at  mill. — The  most  natural  way,  perhaps,  to 
express  the  cost  of  the  raw  materials  delivered  at  the  mill  would  be  to 
state  it  as  being  so  many  cents  per  ton  or  cubic  yard,  and  this  is  the 
method  followed  b}'  quarrymen  or  miners  in  general.  To  the  cement 
manufacturer,  however,  such  an  estimate  is  not  so  suitable  as  one  based 
on  the  cost  per  ton  or  barrel  of  finished  cement. 

It  may  be  considered  that  hard  and  comparatively  dry  limestones  or 
shales  lose  33^  per  cent  in  weight  on  burning,  or  that  600  pounds  of 
dr}'^  raw  material  will  make  about  400  pounds  of  clinker.  Allowing 
som(»thing  for  other  losses  in  manufacture,  it  is  convenient  and  suffi- 
ciently accurate  to  estimate  that  600  pounds  of  dry  raw  material 
will  give  one  barrel  of  finished  cement.  The  raw  material  must  be 
increased  if  it  carries  any  appreciable  amount  of  water.  Clays  will 
f recjueiitl}^  contiiin  15  per  cent  or  more  of  water;  while  soft  chalky 
limestones,  if  quarried  during  wet  weather,  ma}^  c^irr^-  over  20  per 
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cent.  A  Portland-cement  mixture  composed  of  a  pure  chalky  lime- 
stone and  a  clay  might,  therefore,  average  10  to  20  per  cent  of  water; 
consequently  about  700  pounds  of  such  a  mixture  would  be  required 
to  make  one  barrel  of  finished  cement. 

With  marls  the  loss  on  dr3nng  and  burning  is  much  greater.  Rus- 
sell states  "  that  according  to  determinations  made  by  E.  D.  Campbell 
1  cubic  foot  of  marl,  as  it  usually  occurs  in  the  natural  deposits, 
contains  about  47i  pounds  of  lime  carbonate  and  48  pounds  of  water. 
In  making  cement  from  a  mixture  of  marl  and  clay,  therefore,  it  would 
be  necessary  to  figure  on  excavating  and  transporting  over  1,000 
pounds  of  raw  material  for  every  barrel  of  finished  cement. 

Thus  the  cost  of  raw  materials  at  the  mill,  per  barrel  of  cement, 
will  vary  not  only  with  the  cost  of  excavation  but  with  the  kind  of 
materials  in  use.  In  dealing  with  hard  dry  materials  extracted  from 
open  quarries  near  the  mills  the  cost  of  raw  materials  may  range  from 
8  to  15  cents  per  barrel  of  cement.  The  lower  figure  is  probably 
about  the  lowest  attainable  under  good  management  and  favorable 
natural  conditions;  the  higher  figure  is  probably  a  maximum  for 
fairly  careful  management  of  a  difficult  quarry  imder  Eastern  labor 
conditions.  When  it  is  necessary  to  mine  the  materials  the  cost  will 
be  somewhat  increased.  Cement  rock  has  been  mined  at  a  cost  equiva- 
lent to  10  cents  per  barrel  of  cement,  but  only  under  particularly 
favorable  conditions.  The  cost  of  mining  and  transportation  may 
reach  20  cents  per  barrel. 

With  regard  to  wet  marls  and  clays,  it  is  difficult  to  give  even  an 
approximate  estimate.  It  seems  probable,  however,  when  the  dead 
weight  handled  is  allowed  for,  that  these  soft  materials  will  cost  about 
half  as  much  delivered  at  the  mill  per  barrel  of  finished  cement  as  the 
hard  dry  limestones  and  shales. 

METHODS  OF  MANUFACTimE  OF  PORTI/AND  CEMENT. 

If,  as  in  this  bulletin,  the  so-called  "natural  Portlands"  (see  p. 
22)  are  excluded,  Portland  cement  may  be  regarded  as  an  artificial 
product  obtained  by  burning  to  semifusion  an  intimate  mixture  of 
pulverized  materials  containing  lime,  silica,  and  aluminh,  in  var3'ing 
proportions  within  certain  narrow  limits,  and  by  crushing  finely  the 
clinker  resulting  from  this  burning.  If  this  restricted  definition  of 
Portland  cement  be  accepted,  four  points  may  be  regarded  as  being  of 
airdinat  importance:  (1)  The  cement  mixture  must  be  of  the  proper 
chemical  composition;  (2)  the  materials  must  be  carefully  ground  and 
intimately  mixed  before  burning;  (8)  the  mixture  must  be  burned  at 
the  proper  temperature;  (4)  after  burning,  the  resulting  clinker  must 
be  finely  ground. 

a  Twenty-*«ecoiul  Ann.  Kept.  V.  S.  (Jeol.  Survey,  pt.  3.  p,  657. 
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As  the  chemical  composition  of  the  mixture  can  be  more  advanta- 
geously discussed  after  the  other  three  subjects  have  been  disposed  of, 
it  will  therefore  be  taken  up  last. 

PREPARATION  OF  THE  MIXTURE  FOR  THE  KILN. 

In  the  preparation  of  the  mixture  for  the  kiln  the  raw  materials 
must  be  reduced  to  a  very  fine  powder  and  intimately  mixed.  The  mw 
materials  are  usually  crushed  more  or  less  finely,  then  mixed,  and  then 
ground  to  powder.  Two  general  methods  of  treatment,  the  dry  and 
the  wet,  are  in  use  at  different  plants.  Unless  the  limy  constituent 
of  the  mixture  is  a  marl,  already  full  of  water,  the  dry  method  is 
almost  invariably  followed.  In  this  the  materials  are  kept  in  as  dry  a 
condition  as  possible  throughout  the  entire  process  of  crushing  and 
mixing,  and  if  they  originally  contained  a  little  moisture  they  are  dried 
before  being  powdered  and  mixed.  In  the  wet  method,  on  the  other 
hand,  the  materials  are  powdered  and  mixed  while  in  a  very  fluid  state, 
the  mixture  containing  60  per  cent  or  more  of  water. 

PERCENTAGE  OF  WATER  IN   RAW  MATERIA!^. 

The  percentage  of  water  thus  carried  by  the  crude  raw  material  will 
depend  largely  on  the  character  of  the  material,  partly  on  the  method 
of  handling  and  storing  it,  and  partly  on  weather  conditions. 

In  hard  limestones,  freshly  quarried,  the  water  will  commonly 
range  from  one-half  to  3  per  cent,  rarely  reaching  or  exceeding  the 
higher  figure,  except  in  the  very  wet  quarries  or  during  a  rain}' 
season.  Such  limestones,  compai'atively  dry  when  quarried,  are  fre- 
quently sent  to  the  grinding  mills  without  artificial  drying. 

Soft,  chalky  limestones,  which  absorb  water  very  rapidly,  usually 
contain  not  more  than  5  per  cent  of  water  in  dry  weather,  while  pro- 
longed wet  weather  may  necessitate  the  handling  at  the  mill  of  mate- 
rial carrying  as  high  as  15  to  20  per  cent  of  water. 

The  clays  present  much  more  complicated  conditions.  In  addition 
to  the  hygroscopic  or  mechanically  held  water,  there  is  also  always  a 
certain  percentage  of  chemically  combined  water.  The  amount  of 
hygroscopic  water  will  depend  on  the  treatment  and  exposure  of  the 
clay,  and  may  vary  from  1  per  cent  in  clays  which  have  been  stored 
and  air  dried  to  as  high  as  30  per  cent  in  fresh  clays.  The  chemically 
combined  water  will  depend  largely  on  the  composition  of  the  clay, 
and  may  vary  from  5  to  12  per  cent.  The  hygroscopic  or  mechanically 
held  water  of  clays  can  be  driven  off  at  a  temperature  of  212  F., 
while  the  chemically  combined  water  is  lost  only  at  a  low  red  heat. 
The  total  water,  therefore*  to  be  driven  off  from  clays  may  range  from 
6  to  42  per  cent,  depending  on  the  weather,  the  drainage  of  the  clay 
pit,  and  the  care  taken  to  prevent  unnecessary  exposure  of  the  exca- 
vated material  to  moisture.  The  average  total  amount  of  moisture 
will  probably  be  ai)out  15  per  cent. 
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In  dealing  with  shales  the  mechanically  held  water  rarely  amounts 
to  more  than  about  10  per  cent,  and  is  commonly  well  below  that 
limit.  An  additional  2  to  7  per  cent  of  water  will  be  carried  by  any 
shale  in  a  state  of  chemical  combination. 

At  a  few  plants  marl  is  used  with  clay  in  a  dry  process.  As  noted 
elsewhere,  the  marls  as  excavated  carry  usually  about  50  per  cent  of 
water.  These  present  a  more  difficult  problem  than  the  other  raw 
materials,  because  the  vegetable  matter  usually  present  in  marls  is 
extremely  retentive  of  water. 

It  will  be  seen,  therefore,  that  cement  materials  may  carry  from  1  to 
50  per  cent  of  water  when  they  reach  the  mill.  In  a  dry  process  it  is 
necessary  to  remove  practically  all  of  this  water  before  commencing 
the  grinding.  One  reason  for  this  is  that  fine  pulverizing  can  not 
be  economically  or  satisfactorily  accomplished  unless  absolutely  dry 
material  is  fed  to  the  grinding  machinery.  Another  reason,  which  is 
one  of  convenience  rather  than  of  necessity,  is  that  the  presence  of 
water  in  the  raw  materials  complicates  the  calculation  of  the  cement 
mixture. 

METHODS  AND  COSTS  OF  DRYING. 

m 

With  the  exception  of  the  marls  and  clays  used  in  the  wet  method 
of  manufacture,  Portland-cement  materials  are  usually  dried  before 
the  grinding  is  commenced.  This  is  necessary  because  the  raw 
materials,  as  they  come  from  the  quarry,  pit,  or  mine,  will  almost 
invariably  carry  appreciable,  though  often  very  small,  percentages  of 
water,  which  greatly  reduces  the  efficiency  of  most  modern  types  of 
gi'inding  mills  and  tends  to  clog  the  discharge  screens. 

The  t^'^pe  of  drier  commonly  used  in  cement  plants  is  a  cylinder, 
approximately  5  feet  in  diameter  and  about  40  feet  in  length,  set  at  a 
slight  inclination  to  the  horizontal  and  rotating  on  bearings.  The  wet 
raw  material  is  fed  in  at  the  upper  end  of  the  cylinder,  and  it  moves 
gradually  toward  the  lower  end  under  the  influence  of  gravity  as  the 
cylinder  revolves.  In  many  driers  angle  irons  are  bolted  to  the 
interior  in  such  a  way  as  to  lift  and  drop  the  raw  material  alternately, 
thus  exposing  it  more  completely  to  the  action  of  the  heated  gases  and 
materially  assisting  in  the  drying  process.  The  dried  raw  material 
falls  from  the  lower  end  of  the  cylinder  into  an  elevator  boot  and  is 
then  carried  to  the  grinding  mills. 

The  drying  cylinder  is  heated  either  by  a  separate  furnace  or  by 
waste  gases  from  the  cement  kilns.  In  either  case  the  products  of 
combustion  are  introduced  into  the  cylinder  at  its  lower  end,  are 
drawn  through  it,  and  escape  up  a  stack  set  at  the  upper  end  of  the 
drier. 

The  drier  above  described  is  the  simplest  and  is  most  commonly 
used.     For  handling  the  small  percentages  of  water  contained  in  most 
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cement  materials  it  is  very  efficient,  but  for  dealing  with  high  per- 
centages of  water,  such  as  are  encountered  when  marl  is  to  be  used  in 
a  dry  process,  double-heating  driers  probably  will  be  found  more  eco- 
nomiail.  This  type  is  exemplified  by  the  Ruggles-Coles  drier,  a 
detailed  description  of  which  is  given  in  the  Mineral  Ii\dustry,  volume 
10,  pages  84^95.  In  this  drier  a  double  cylinder  is  employed.  The  wet 
raw  material  is  fed  into  the  space  between  the  inner  and  outer  cylinders, 
while  the  heated  gases  pass  first  through  the  inner  cylinder,  and  then, 
in  a  reverse  direction,  through  the  space  between  the  inner  and  outer 
cylinders.  This  double-heating  type  of  drier  is  employed  in  almost 
all  of  the  slag  cement  plants  in  the  United  States,  and  is  also  in  use  in 
several  Portland-cement  plants. 

When  vertical  kilns  were  in  use  drying  floors  and  drying  tunnels 
were  extensively  used,  but  at  present  they  can  be  found  in  only  a  few 
plants,  being  everywhere  else  supplanted  by  the  rotary  driers. 

The  cost  of  drying  will  depend  on  the  cost  of  fuel,  the  percentage 
of  water  in  the  wet  material,  and  the  type  of  drier.  Even  under  the 
most  unfavorable  conditions  it  may  be  expected  that  5  pounds  of 
water  will  be  evaporated  per  pound  of  coal  used,  while  a  good  drier 
will  usually  evaporate  7  or  8  poimds  of  water  per  pound  of  coal. 

GRINDING  AND  MIXING. 
DRY   MBTHODS. 

Part  at  lejist  of  the  grinding  is  usually  accomplished  before  the  dry- 
ing, but  for  convenience  the  subjects  have  been  separated  in  the  present 
paper.  Usually  the  limestone  is  sent  through  a  crusher  at  the  quarry 
or  mill,  and  occasionally  the  raw  material  is  further  reduced  in  a  Wil- 
liams mill,  etc.,  before  drying,  but  the  principal  part  of  the  reduction 
always  takes  place  after  the  material  has  been  dried. 

After  the  two  raw  materials  have  been  separately  dried  they  may  be 
mixed  immediately,  or  each  may  be  further  reduced  separately  before 
mixing.  Automatic  mixers,  of  which  many  types  are  on  the  market, 
give  a  mixture  in  proportions  determined  from  analysis  of  the 
materials. 

The  further  reduction  of  the  mixture  is  usually  carried  on  in  two 
stages,  the  material  being  ground  to  30  mesh  in  a  ball  mill,  commi- 
nuter,  Griffin  mill,  etc.,  and  finally  reduced  in  a  tube  mill.  At  a  few 
plants,  however,  single-stage  reduction  is  practiced  in  Griffin  or  Hunt- 
ington mills,  while  at  the  Edison  plant  at  Stewartsville,  N.  J.,  the 
reduction  is  accomplished  in  a  series  of  rolls. 

The  majority  of  plants  use  either  the  Griffin  mill  and  tube  mill  or 
the  ball  and  tube  mills,  and  there  is  probably  little  diflference  in  the 
cost  of  operating  these  two  combinations.  The  ball  mill  has  never 
been  quite  so  successful  as  its  companion,  the  tube  mill,  and  has  been 
replaced  at  several  plants  by  the  comminuter. 
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After  the  mixture  is  reduced,  and  when  it  i8  ready  for  burning,  90 
to  95  per  cent  of  it  ^should  pass  through  a  lOO-mesh  sieve.  In  the 
plants  of  the  I^high  district  the  mixture  is  mrely  crushed  as  fine  as 
when  limestone  and  clay  are  used.  Newberry^  has  pointed  out  in 
explanation  of  this  that  an  argillaceous  limestone  (cement  rock)  mixed 
Mrith  a  comparatively  small  quantity  of  purer  limestone,  as  in  the 
Lehigh  plants,  requires  less  thorough  mixing  and  less  tine  grinding 
than  when  a  mixture  of  limestone  and  clay  (or  marl  and  clay)  is  used, 
for  even  the  coarser  particles  of  the  argillaceous  limestone  will  vary 
so  little  in  chemical  composition  from  the  pi'oper  mixture  as  to  affect 
the  quality  of  the  resulting  cement  but  little  should  either  mixing  or 
grinding  be  incompletely  accomplished. 

A  very  good  example  of  typical  Lehigh  Valley  grinding  of  raw 
material  is  afforded  by  a  specimen  examined^  by  Prof.  E.  D.  Camp- 
bell. This  specimen  of  raw  mix  ready  for  burning  was  furnished  by 
one  of  the  best  of  the  eastern  Pennsylvania  cement  plants.  A  mechan- 
ical analysis  of  it  showed  the  following  results: 


Per  cent  passing 
Percent  residue. 


Mesh  of  sieve. 


96.9 
3.1 


100 

85. « 
14.4 


200 


72.4 
27.6 


The  material,  therefore,  is  so  coarsely  ground  that  only  a  trifle  over 
85  per  cent  passes  a  100-mesh  sieve. 


SLAG-LIMESTONE  MIXTURES. 


While  the  manufacture  of  Portland  cement  from  slag  and  limestone 
is  similar  in  general  theory  and  practice  to  its  manufacture  f  n)m  lime- 
stone and  clay,  there  are  certain  interesting  differences  in  the  prepara- 
tion of  the  mixture.  In  the  following  paragraphs  the  general  methods 
of  preparing  mixtures  of  slag  and  limestone  for  use  in  Portland-cement 
manufacture  will  first  be  discussed,  after  which  certain  processes  pecu- 
liar to  the  use  of  this  mixture  will  be  described  separately. 

General  methoih, — After  it  had  been  determined  that  puzzolanic 
cement,  made  by  mixing  slag  with  lime  without  subsequent  burning, 
was  not  an  entirely  satisfactory  structural  material,  attention  was 
soon  directed  toward  the  problem  of  making  a  true  Portland  cement 
from  such  slag.  The  blast-furnace  slags  commonly  available,  while 
carrying  enough  silica  and  alumina  for  a  cement  mixture,  are  too 
low  in  lime  to  be  suitable  for  Portland  cement.     Additional   lime 


a  Twentieth  Ann.  Kept.  U.  S.  Geol.  Surver,  pt.  6,  p.  646. 
<>  Jour.  Am.  Chem.  Soc.,  vol.  26,  p.  1106. 
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must  be  added,  usually  in  the  form  of  limestone,  and  the  slag  and  lime- 
stone must  be  well  mixed  and  properly  burned.  The  general  methods 
for  properly  mixing  the  materials  vary  in  details.  It  seems  probable 
that  the  first  method  used  in  attempting  to  make  a  true  Portland 
cement  from  slag  was  to  dump  the  proper  proportion  of  limestone, 
broken  into  small  lumps,  into  molten  slag.  The  idea  was  that  both 
mixing  and  calcination  could  thus  be  accomplished  in  one  stage,  but 
in  practice  it  was  found  that  the  resulting  cement  was  variable  in  com- 
position and  always  low  in  grade.  This  method  has  accordingly 
fallen  into  disuse,  and  at  present  three  different  general  processes  of 
preparing  the  mixture  are  practiced  at  different  Eui*opean  and  Ameri- 
can plants: 

1.  The  slag  and  limestone  are  granulated,  dried,  and  ground  sepa- 
rately. The  two  materials  are  then  mixed  in  proper  proportions,  the 
mixture  is  finely  pulverized  in  tube  mills,  and  the  product  is  fed  in  a 
powdered  state  to  rotary  kilns. 

2.  The  slag  is  granulated,  dried,  and  mixed  with  slightly  less  than 
the  calculated  proper  amount  of  limestone,  which  has  been  previously 
dried  and  powdered.  Sufficient  powdered  slaked  lime  (say  2  to  6  per 
cent)  is  added  to  bring  the  mixture  up  to  correct  composition.  The 
intimate  mixture  and  final  reduction  are  then  accomplished  in  ball-and- 
tube  mills.  About  8  per  cent  of  water  is  then  added,  and  the  slurry 
is  made  into  bricks,  which  are  dried  and  burned  in  a  dome  or  chamber 
kiln. 

3.  Slag  is  granulated  and  mixed,  while  still  wet,  with  crushed  lime- 
stone in  proper  proportions.  This  mixture  is  run  through  a  rotary 
calciner,  heated  by  waste  kiln  gases,  in  which  the  temperature  is  suffi- 
cient not  onlj'^  to  dry  the  mixture,  but  also  to  partly  powder  it  and  to 
reduce  most  of  the  limestone  to  quicklime.  The  mixture  is  then  pul- 
verized and  fed  into  rotary  kilns. 

Of  the  three  general  processes  above  described,  the  second  is  unsuited 
to  American  conditions.  The  first  and  third  are  adapted  to  the  use  of 
the  rotary  kiln.  The  third  seems  to  be  the  most  economical,  and  has 
given  a  remarkably  low  fuel  consumption  in  practice,  but  so  far  has 
not  been  taken  up  in  the  United  States. 

Certain  points  of  manufacture  peculiar  to  the  use  of  mixtures  of 
slag  and  limestone  will  now  be  described. 

Composition  of  the  slag. — The  slags  adapted  to  Portland-cement 
manufacture  are  of  common  occurrence  in  iron-producing  districts. 
The  more  basic  blast-furnace  slags  are  best  suited  for  this  use.  The 
slags  utilized  will  generally  run  from  30  to  40  per  cent  lime,  but  the 
higher  the  lime  the  better.  The  presence  of  over  3  per  cent  of  mag- 
nesia renders  a  slag  unfit  for  Portland -cement  material,  and  on  this 
account  slags  from  furnaces  using  dolomite  (magnesian  limestone)  as 
a  flux  can  not  be  used  for  cement  manufacture.     The  presence  of  any 
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notable  percentago  of  sulphur  is  also  a  drawback,  though  part  of  the 
sulphur  in  the  slag  will  be  removed  during  the  processes  of  manu- 
facture. 

Gra/nvlation  of  slag. -^H  slag  be  allowed  to  cool  slowly,  it  solidifies 
into  a  dense,  tough  material,  without  hydraulic  properties,  which  is 
not  readily  reduced  to  the  requisite  fineness  for  a  cement  mixture.  If 
it  be  cooled  suddenly,  however,  as  by  bringing  the  stream  of  molten 
slag  into  contact  with  cold  water,  the  slag  is  ^'granulated" — i.  e.,  it 
breaks  up  into  small  porous  particles — and  is  much  more  readily  pul- 
verized than  a  slowly  cooled  slag.  Sudden  cooling  intensifies  the 
chemical  activity  of  its  constituents  so  as  to  give  it  hydraulic  properties, 
while  part  of  the  sulphur  contained  in  the  original  slag  is  removed. 
The  sole  disadvantage  of  the  process  of  granulating  slag  is  that  the 
product  contains  20  to  40  per  cent  of  water,  which  must  be  driven  off 
before  the  granulated  slag  is  sent  to  the  grinding  machinery. 

The  granulation  of  the  slag  is  effected  by  running  the  stream  of 
molten  slag  from  the  furnace  into  a  sheet-iron  trough,  in  which  flows 
a  small  stream  of  water  whose  rate  of  flow  is  so  regulated  as  to  give 
complete  granulation  of  the  slag  without  using  an  excessive  amount 
of  water.  The  trough  may  discharge  the  gi*anulated  slag  into  tanks 
or  into  box  cars,  which  are  usually  perforated  at  intervals  along  the 
sides  so  as  to  allow  part  of  the  water  to  drain  off. 

Drying  the  slag. — As  above  noted,  the  granulated  slag  may  carry 
•"  from  20  to  40  per  cent  of  water.  This  is  removed  by  treating  the 
slag  in  rotary  driers.  In  practice  such  driers  give  an  evaporation  of 
6  to  10  pounds  of  water  per  pound  of  coal.  The  practice  of  slag  drying 
is  very  fully  described  in  volume  10  of  the  Mineral  Industry,  pages 
84^96,  where  figures  and  descriptions  of  various  driers  are  also  given, 
with  data  on  their  evaporative  eflSciency.  In  one  of  the  methods  the 
slag  is  dried  by  waste  heat  from  the  kilns  after  it  has  been  mixed  with 
the  limestone.  Kiln  gases  could  of  course  be  used  in  the  slag  driers, 
but  they  have  not  been  utilized  except  in  plants  following  the  method 
described. 

Grinding  the  slag. — Slag  can  be  crushed  with  considerable  ease  to 
about  50  mesh,  but  notwithstanding  its  apparent  brittleness  it  is  difli- 
cult  to  grind  it  finer.  Until  the  introduction  of  the  tube  mill  it  was 
almost  impossible  to  reduce  this  material  to  the  fineness  necessary  for 
a  cement  mixture,  and  the  proper  grinding  of  the  slag  is  still  an 
expensive  part  of  the  process  as  compared  with  the  grinding  of  lime- 
stone, shales,  or  clay. 

Composition  of  the  limestone. — As  the  slag  carries  all  the  silica  and 
alumina  necessary  for  the  cement  mixture,  the  limestone  to  be  added 
to  it  should  be  simply  a  pure  lime  carbonate.  The  limestone  used  for 
flux  at  the  furnace  which  supplies  the  slag  will  usually  be  found  to  be 
of  suitable  composition  for  use  in  making  up  the  cement  mixture. 

Ball.  243—05 1 
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Adv(mtage«  of  ivsing  slng-lhnestoyie  mixtureH. — The  luanufacture  of  a 
true  Portland  cement  from  a  mixture  of  slag  and  limestone  presents 
certain  undoubted  advantages  over  the  use  of  any  other  raw  materials, 
while  it  has  also  a  few  disadvantages. 

Probably  the  greatest  advantage  is  in  the  fact  that  the  most  impor- 
tant raw  material — the  slag — can  usually  be  obtained  more  cheaply 
than  an  equal  amount  of  rock  could  be  quarried  or  mined.  The  slag 
is  a  waste  product,  which  is  hard  to  dispose  of  and  may  be  obtained 
at  small  expense  to  the  cement  plant.  Another  advantage  is  due  to 
the  occurrence  of  the  lime  as  oxide,  and  not  as  carbonate.  The  heat 
necessary  to  drive  off  the  carbon  dioxide  from  an  equivalent  mass  of 
limestone  is,  therefore,  saved  when  slag  forms  part  of  the  cement 
mixture,  and  very  low  fuel  consumption  is  obtained  when  slag-lime- 
stone mixture  is  burned. 

Of  the  disadvantages,  the  toughness  of  the  slag  and  the  necessity 
for  drying  it  before  grinding  are  probably  the  most  impoitant.  A 
third  disadvantage,  not  always  apparent  at  first,  is  the  diflSculty  of 
procuring  a  proper  supply  of  suitable  slag.  Unless  the  cement  plant 
is  closely  connected  in  ownership  with  the  furnaces  from  which  its 
slag  suppU'  is  to  be  obtained  this  may  become  very  serious.  When 
there,  is  a  good  market  for  iron  the  furnace  manager  will  naturally 
give  little  thought  to  the  question  of  suppl3^iug  slag  to  an  independent 
cement  plant. 

The  advantages  of  the  mixture,  however,  seem  to  outweigh  its  dis- 
advantages, for  the  manufacture  of  Portland  cement  from  slag  is  now 
a  large  and  growing  industry  in  both  Europe  and  America.  In  this 
country  two  Portland-cement  plants  have  used  slag  and  limestone  as 
raw  materials  for  some  time;  several  others  are  in  course  of  con- 
struction, and  it  seems  probable  that  in  the  near  future  Alabama  will 
join  Illinois  and  Pennsylvania  as  an  important  producer  of  Portland 
cement  from  slag. 

WET   METHODH  OF  GRINDING    AND   MIXING. 

Wet  methods  of  preparing  Portland-cement  mixtures  date  back  to 
the  time  when  millstones  and  similar  crude  grinding  contrivances 
were  in  use.  With  such  imperfect  machinery  it  was  almost  impossible 
to  grind  dry  materials  tine  enough  to  give  a  good  Portland-cement 
material.  In  this  countr}^  the  advent  of  good  grinding  machinery  has 
practically  driven  out  wet  methods  of  manufacture,  except  in  dealing 
with  materials  such  as  marls,  which  naturally  carry  a  large  percentage 
of  water.  Two  plants  in  the  United  States  add  water  to  a  limestone- 
cla}'  mixture,  but  the  effect  of  this  practice  on  the  cost  sheets  of  these 
remarkable  plants  can  hardly  be  encouraging. 

The  location,  physical  condition,  and  chemical  composition  of  the 
marls  and  clays  used  have  important  effects  upon  the  cost  of  the  wet 
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process.  Marl  deposits  of  workable  size  occur  only  in  the  Northern 
States  and  in  Canada,  and  consequently  the  climate  is  unfavorable  to 
continuous  working  throughout  the  year,  for  the  marl  is  usualh'  cov- 
ered with  water,  and  in  winter  is  procured  with  difficulty.  Marl 
deposits  are  necessarily  and  invariably  found  in  depressions,  and  the 
mill  must  be  located  at  a  higher  level,  which  involves  increased  expense 
in  transporting  the  raw  material  to  the  mill. 

Glacial  clays,  which  are  usually  employed  in  connection  with  marl, 
commonly  carry  a  much  larger  proportion  of  sand  and  pebbles  than 
the  sedimentary  clays  found  farther  south. 

The  effect  of  the  water  carried  by  the  marl  has  been  noted.  The 
material  as  excavated  consists  approximately  of  equal  weights  of  lime 
carbonate  and  of  water,  and  more  water  is  often  added  to  permit  the 
marl  to  be  pumped  up  to  the  mill. 

At  the  mill  the  clay  is  often  dried  in  order  to  simplify  the  calcula- 
tion of  the  mixture.  The  reduction  of  the  clay  is  commonly  accom- 
plished in  a  disintegrator  or  in  edge-runner  mills,  after  which  the 
material  is  further  reduced  in  a  pug  mill,  sufficient  water  being  here 
added  to  enable  it  to  be  pumped  readily.  It  is  then  read}''  for  mixture 
with  the  marl,  which  has  been  screened  to  remove  stones,  wood,  etc. 
The  slurry  is  further  ground  in  pug  mills  or  wet  grinding  mills  of  the 
disk  type,  while  the  final  reduction  commonly  takes  place  in  wet  tube 
mills.  The  slurry,  now  containing  30  to  40  per  cent  of  solid  matter 
and  70  to  60  per  cent  of  water,  is  pumped  into  storage  tanks,  where  it 
is  kept  in  constant  agitiition  to  avoid  settling.  The  slurry  is  analj'zed 
at  this  point,  and  the  mixture  in  the  tanks  is  corrected  if  found  to  be 
of  unsatisfactory  composition.  After  standardizing,  the  slurry  is 
pumped  into  the  rotary  kilns.  Owing  to  the  large  percentage  of 
water  in  the  slurry,  the  fuel  consumption  per  barrel  of  finished  cement 
is  30  to  50  per  cent  greater,  and  the  output  of  each  kiln  correspond- 
inglv  less  than  in  the  case  of  a  drv  mixture. 

It  may  be  of  interest,  for  comparison  with  the  above  description  of 
the  wet  process  with  rotary  kilns,  to  insert  a  description  of  the  semiwet 
process,  as  carried  on  a  few  years  ago  at  the  dome-kiln  plant  of  the 
Empire  Portland  Cement  Company,  of  Warners,  N.  Y.  The  plant 
has  been  remodeled  since  that  date,  but  the  processes  formerU^  fol- 
lowed are  still  of  interest,  as  they  resulted  in  a  high-grade  though 
expensive  product. 

At  the  Empire  plant  the  marl  and  clay  were  obtained  from  a  swamp 
about  three-fourths  of  a  mile  from  the  mill.  A  revolving  derrick  with 
clam-shell  bucket  was  employed  for  excavating  the  marl,  while  the 
clay  was  dug  with  shovels.  The  materials  were  taken  to  the  works 
over  a  private  narrow-gage  road,  on  cars  carrying  about  3  tons  each, 
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dmwn  by  a  .small  locomotive.  At  the  mill  the  cars  were  hauled  up 
an  inclined  track,  by  means  of  a  cable  and  drum,  to  the  mixing  floor. 

The  clay  was  dried  in  three  Cummer  "Salamander"  driers,  after 
which  it  was  allowed  to  cool,  and  then  carried  to  the  mills.  Thesb 
mills  were  of  the  Sturtevant  "rock  emery"  type,  and  reduced  the 
clay  to  a  fine  powder,  in  which  condition  it  was  fed,  after  being 
weighed,  to  the  mixer.  The  marl  was  weighed  and  sent  directly  to  the 
mixer,  no  preliminary  treatment  being  necessary.  The  average  charge 
was  about  25  per  cent  clay  and  about  75  per  cent  marl. 

The  mixing  was  carried  on  in  a  mixing  pan  12  feet  in  diameter,  in 
which  two  large  rolls,  each  about  5  feet  in  diameter  and  16-inch  face, 
ground  and  mixed  the  materials  thoroughly.  The  mixture  was  then 
sampled  and  analyzed,  after  which  it  was  carried  by  a  belt  conveyor 
to  two  pug  mills,  where  the  mixing  was  completed  and  the  slurry 
formed  into  slabs  about  3  feet  long  and  4  to  5  inches  in  width  and 
height.  These  on  issuing  from  the  pug  mill  were  cut  into  a  number 
of  sections,  so  as  to  give  bricks  about  6  by  4  by  4  inches  in  size.  The 
bricks  were  then  placed  on  slats,  which  were  loaded  on  rack  cars  and 
run  into  the  drying:  tunnels.  The  tunnels  were  heated  by  waste  gases 
from  the  kilns,  and  from  twenty-four  to  thirty-six  hours  were  required 
to  dry  the  bricks. 

The  bricks  after  drying  were  fed  into  dome  kilns,  of  Tvhich  there 
were  20,  and  which  were  charged  with  alternate  layers  of  coke  and 
slurry  bricks.  The  coke  charge  for  a  kiln  was  about  4  or  5  tons. 
This  produced  20  to  26  tons  of  clinker  at  each  burning,  thus  giving  a 
fuel  consumption  of  about  20  per  cent,  as  compared  with  the  40  per  cent 
or  more  reciuircd  in  the  rotary  kilns  using  wet  materials.  From  thirty- 
six  to  forty  hours  were  required  for  burning  the  charge.  After  cool- 
ing the  clinker  was  shoveled  out,  picked  over  by  hand,  and  reduced 
in  a  Blake  crusher,  Smidth  ball  mills,  and  Davidsen  tube  mills. 

The  cement  mixture  ready  for  burning  will  commonl}'  contain  from 
74  to  77.5  per  cent  of  lime  carbonate,  or  an  equivalent  proportion  of 
lime  oxide.  Several  analyses  of  actual  cement  mixtures  are  given  in 
the  tal)le  below.  Analysis  No.  1,  with  its  relatively  high  percentage 
of  magnesia,  is  fairly  typical  of  Lehigh  Valley^  pi'actice.  Anal3"ses 
Nos.  2  and  3  show  mixtures  low  in  lime,  while  anal3'sis  No.  4  is  proba- 
bly the  best  proportioned  of  the  four,  especiall}^  in  regard  to  the  ratio 
between  silica  and  alumina  plus  iron.  This  ratio,  for  ordinary  pur- 
poses, should  be  about  2.5  or  3  to  1,  as  the  cement  sets  quicker  and 
has  less  ultimate  strength  as  the  percentage  of  alumina  increases.  If 
the  alumina  percentage  be  carried  too  high,  moreover,  the  mixture 
will  give  a  fusible,  sticky  clinker  when  burned,  causing  trouble  in  the 
kilns. 
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Analyses  of  cement  mixtures. 


Silica  (SiO,) 

Alumina  (AljO^)  and  iron  oxide  (FeO) 

Ljiue  carbonate  (CaCOa) 

Magnesia  oxide  (MgO) 


1 

S 

3 

12.62 

13.46 

13.85 

6.00 

(?) 

7.20 

75.  46 

73.66 

73.93 

2.65 

(?) 

(?) 

14.77 
4.35 

76.84 
1.74 


BURNING   THE    MIXTURE. 

After  the  cement  mixture  has  been  carefuU^^  prepared,  as  described 
in  preceding  pages,  it  must  be  burned  with  equal  care.  In  the 
early  days  of  the  Portland-cement  industry  a  simple  vertical  kiln, 
much  like  that  used  for  burning  lime  and  natural  cement,  was  used 
for  burning  the  Portland-cement  mixture.  These  kilns,  while  fairly 
efficient  so  far  as  fuel  consumption  was  concerned,  were  expensive  in 
labor,  and  their  daily  output  was  small.  In  France  and  (jermany 
the3^  were  soon  supplanted  by  improved  types,  but  still  stationary  and 
vertical,  which  gave  very  much  lower  fuel  consumption.  In  America, 
however,  where  labor  is  expensive,  and  fuel  is  comparatively  cheap, 
an  entirely  different  style  of  kiln  has  been  evolved.  This  is  the  rotary 
kiln.  With  the  exception  of  a  very  few  of  the  older  plant^^,  which 
have  retained  verti(ral  kilns,  all  American  Portland-cement  plants  are 
now  equipped  with  rotary  kilns. 

The  history  of  the  gradual  evolution  of  the  rotar}^  kiln  is  of  great 
interest,  and  is  discussed  in  the  papers  listed  below: 

DuRYEE,  E.,  The  first  manufacturer  of  Portland  cement  by  the  direct  rotary-kiln 
process:  Enj?ineering  New?,  July  26,  1900. 

i-  IjBHLey,  R.  W.,  History  of  the  Portland-cement  industry  in  the  Unitetl  Statics. 
146  pp.     Philadelphia,  1900. 

Lewis,  F.  H.,  The  American  rotary-kiln  process  for  Portland  cement:  Cement 
Industry,  pp.  188-199,  New  York,  1900. 

MAirnEv,  H.,  The  invention  of  the  new  cement-burning  metho<l:  Eng.  Min.  .Tour., 
vol.  6  ,  1899,  pp.  556,  705. 

Stanoer,  VV.  II.,  and  Blount,  B.,  The  rotary  process  of  cement  manufacture: 
Proc.  Inst.  Civil  Eng.,  vol.  145,  1901,  pp.  44-1.S6. 

The  influence  of  the  rotary  kiln  on  the  <levelopment  of  Portland-cement  manu- 
facture in  America:  Engineering  News,  May  3,  1900. 

The  design,  construction,  and  operation  of  the  vertical  stationary 
kilns  of  various  types  are  discussed  in  many  reports  on  Portland 
cement,  but  as  the  subject  is,  in  America  at  least,  a  matter  of  simply 
hi.storical  interest,  no  description  of  these  kilns  or  their  opemtion  will 
be  given  in  the  present  bulletin.^ 

n  Perhaps  the  mofit  Batlsfactory  Kinglc  i>aper  on  thl.s  subject  is  that  by  SUmger,  W.  H.,  and  Blount, 
B.,  Gilbert,  W.,  and  Candlot,  K.,  and  others  (Di.seussion  of  the  value,  design,  and  results  obtained  from 
various  types  of  fixed  kilns).    Prm*.  Inst.  Civil  Eng.,  vol.  115,  1901,  pp.  44-18, 81  ^S2, 95-100. 
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At  the  different  American  cement  plants  the  process  of  burning  is 
rapidly  approaching  uniformity,  though  differences  in  materials,  etc., 
will  always  make  variations  necessary.  The  kiln  in  which  the  material 
is  burned  is  now  almost  invariably  of  the  rotary  type,  the  rotary 
process,  which  is  essentially  American  in  its  development,  being  based 
upon  the  substitution  of  machines  for  hand  labor  wherever  possible. 
A  brief  summary  of  the  process  will  first  be  given,  after  which  certain 
subjects  of  interest  will  be  taken  up  in  more  detail. 

SUMMARY   OF   BURNING   PROCESS. 

The  rotary  kiln  is  a  steel  cylinder  about  6  feet  in  diameter  and,  for 
dry  materials,  60  or  80  feet  long.  For  wet  mixtures  a  kiln  80  to  100 
feet  long,  or  even  longer,  is  frequently  employed.  This  cylinder  is 
set  in  a  slightly  inclined  position,  the  inclination  being  approximately 
one-half  inch  to  the  foot.  The  kiln  is  lined,  except  near  the  upper 
end,  with  very  resistant  fire  brick,  to  withstand  both  the  high  tem- 
perature to  which  its  inner  surface  is  subjected  and  the  destructive 
action  of  the  molten  clinker. 

The  cement  mixture  is  fed  in  at  the  upper  end  of  the  kiln,  while  fuel 
(which  may  be  either  powdered  coal,  oil,  or  gas)  is  injected  at  its  lower 
end.  The  kiln,  which  rests  upon  geared  bearings,  is  slowly  revolved. 
This  revolution,  in  connection  with  the  inclination  at  which  the  cylinder 
is  set,  gradually  carries  the  cement  mixture  to  the  lower  end  of  the 
kiln.  The  intense  heat  generate^  by  the  burning  fuel  first  drives  oft' 
the  water  and  carbon  dioxide  from  the  mixture  and  then  causes  the 
lime,  silica,  alumina,  and  iron  to  combine  chemically  to  form  the  par- 
tially fused  mass  known  as  "cement  clinker."  This  clinker  drops  out 
of  the  lower  end  of  the  kiln,  is  cooled  so  as  to  preveni  injury  to  the 
grinding  machinery,  and  is  then  sent  to  the  grinding  mills. 

THEORETICAL   FUEL   REQUIREMENTS. 

As  a  preliminary  to  a  discussion  of  actual  practice  in  the  matter  of 
fuel,  it  will  be  of  interest  to  determine  the  heat  units  and  fuel  theo- 
retically required  in  the  manufacture  of  Portland  cement  from  a  dry 
mixture  of  normal  composition. 

In  burning  such  a  mixture  to  a  clinker  the  heat  needed  will  be  the 
amount  required  for  the  dissociation  of  the  lime  carbonate  into  lime 
oxide  and  carbon  dioxide.  A  small  additional  amount  of  heat  will  be 
required  to  drive  off  the  water  that  is  chemically  held  by  the  clay  or 
shale  and  to  decompose  any  calcium  sulphate  (gypsum)  that  may  be 
present.  The  amount  required  for  these  purposes  is  not  accurately 
known,,  however,  but  is  probably  so  small  that  it  will  be  more  or  less 
entirely  offset  by  the  heat  which  will  be  liberated  during  the  combina- 
tion of  the  lime  with  the  silica  and  alumina.  We  may,  therefore,  without 
sensible  error,  regard  the  total  heat  theoretically  required  for  the  pro- 
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duction  of  a  barrel  of  Portland  cement  as  ))ein^  that  which  is  necessary 
for  the  dissociation  of  450  pounds  of  lime  carbonate.  With  coal  of  a 
thermal  value  of  13,500  B.  T.  U.,  burned  with  only  the  air  supply 
demanded  by  theory,  this  dissociation  will  require  25i  pounds  of  coal 
per  barrel  of  cement,  a  fuel  consumption  of  only  6.6  per  cent. 

LOSSES  OF  HEAT. 

In  practice,  however,  heat  is  lost  in  a  number  of  ways,  and  the  fuel 
consumption  is  immensely  greater  than  is  theoretically  called  for. 
The  more  important  ways  in  which  heat  is  lost  are  as  follows: 

(1)  The  kiln  gases  are  discharged  at  a  temperature  much  above  that 
of  the  atmosphere,  ranging  from  300^^  to  2,000°  F.,  according  to  the 
type  of  materials  used  and  the  length  of  the  kiln.  (2)  The  clinker  is 
discharged  at  a  temperature  varying  from  300^'  to  2,500^  F.,  the  range 
depending,  as  before,  on  materials  and  the  length  of  the  kiln.  (3)  The 
air  supply  injected  into  the  kiln  is  alwa3\s  greater,  and  usually  very 
much  greater,  than  that  required  for  the  perfect  combustion  of  the 
fuel,  and  the  available  heating  power  of  the  fuel  is  thereby  reduced. 
(4)  Heat  is  lost  bv  radiation  from  the  ends  and  exposed  surfaces  of 
the  kiln.  (5)  The  mixture,  in  plants  using  a  wet  process,  carries  a 
high  percentage  of  water,  which  must  be  driven  off. 

It  is  evident,  therefore,  that  the  amount  of  fuel  actually  necessary 
for  the  pnxluction  of  a  barrel  of  cement  is  much  above  that  required 
bv  theorv. 

ACTUAL   FUEL  REQUIREMENTS  AND  OUTPUT. 

Rotary  kilns  are  nominally'  rated  at  a  production  of  200  barrels  a  day 
per  kiln.  Even  on  dry  and  easily  clinkered  materials  and  with  good 
coal,  however,  such  an  output  is  not  commonl}^  attained  with  a  60-foot 
kiln.  Normally,  a  60-foot  kiln  working  on  a  dry  mixture  will  produce 
from  160  to  180  barrels  of  cement  each  day  of  twenty-four  hours.  In 
doing  this,  if  good  coal  is  used,  its  fuel  consumption  will  commonly 
be  from  120  to  140  pounds  of  coal  per  barrel  of  cement,  though  it  may 
mnge  as  high  as  160  pounds,  and,  on  the  other  hand,  has  fallen  as  low 
as  90  pounds.  An  output  of  175  barrels  a  day,  with  a  coal  consump- 
tion of  130  pounds  per  barrel,  may  therefore  be  considered  as  repre- 
senting the  results  of  fairly  good  pmctice  on  dry  materials  with  a 
60-foot  kiln.  In  dealing  with  a  wet  mixtui*e,  which  may  carry  any- 
where from  30  to  70  per  cent  of  water,  the  results  are  more  variable, 
though  always  woi*se  than  with  dry  materials.  In  working  a  60-foot 
kiln  on  a  wet  material,  the  daily  output  may  range  from  80  to  120 
barrels,  with  a  fuel  consumption  of  from  150  to  250  pounds  per  barrel. 
Using  a  longer  kiln,  partly  drying  the  mixture  and  utilizing  waste 
heat,  will  of  course  improve  these  figures  materially. 
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When  the  tieavy  Western  oils  are  used  for  kiln  fuel,  it  may  be 
estimated  that  1  gallon  of  oil  is  equivalent  in  the  kiln  to  about  10 
pounds  of  coal.  The  fuel  consumption,  using  dry  materials,  will 
range  between  11  and  14  gallons  of  oil  per  barrel  of  cement;  but  the 
dail}'  output  is  always  somewhat  less  with  oil  fuel  than  where  coal 
is  used. 

Natural  gas  in  the  kiln  may  be  compared  with  good  Pennsylvania 
coal  by  allowing  about  20,000  to  30,000  cubic  feet  of  gas  as  equivalent 
to  a  ton  of  coal.  This  estimate  is,  however,  based  u|>on  too  little  data 
to  be  as  close  as  those  above  given  for  oil  or  coal. 

EFFECT  OF  COMPOSITION   ON   BURNING. 

The  differences  in  composition  between  Portland-cement  mixture® 
are  very  slight  if  compared,  for  example,  to  the  differences  between 
various  natural  cement  rocks.  But  even  such  slight  differences  as  do 
exist  exercise  a  very  appreciable  effect  on  the  burning  of  the  mixture. 
Other  things  being  equal,  any  increase  in  the  percentage  of  lime  in 
the  mixture  will  necessitate  a  higher  tempemture  in  order  to  get  an 
equally  sound  cement.  A  mixture  which  will  give  a  cement  carrying 
59  per  cent  of  lime,  for  example,  will  require  much  less  thorough 
burning  than  would  a  mixture  designed  to  give  a  cement  with  64  per 
cent  of  lime. 

With  equal  lime  percentages,  the  cement  carrying  high  silica  and 
low  alumina  and  iron  will  require  a  higher  temperature  than  if  it  were 
lower  in  silica  and  higher  in  alumina  and  iron.  But,  on  the  other 
hand,  if  the  alumina  and  iron  are  carried  too  high,  the  clinker  will 
ball  up  in  the  kiln,  forming  sticky  and  unmanageable  masses. 

CHARACTER  OF  KILN   FUEL. 

The  fuel  most  commonly  used  in  modern  rotary  kiln  practice  is 
bituminous  coal,  pulverized  very  finely.  Coal  for  this  purpose  should 
be  high  in  volatile  matter  and  as  low  in  ash  and  sulphur  as  possible. 
Russell  gives  the  following  analyses  of  West  Virginia  and  Pennsyl- 
vania coals  used  at  present  at  various  cement  plants  in  Michigan: 

Analyses  of  kiln  coals. 


1 

8 

s 

4 

Fixed  carbon 

56.15 

35.41 

6.36 

2.08 

1.30 

56.33 

35.26 

7.06 

1.35 

1.34 

55.  82 

39.37 

3.81 

1.00 

.42 

51.69 

Volatile  matter 

39.52 

Ash 

6.13 

Moisture 

1.40 

Sulphur 

1.46 
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The  coal  as  usually  bought  is  either  "slack"  or  "run  of  mine."  In 
the  latter  case  it  is  necessary  to  crush  the  lumps  before  proceeding 
ftirther  with  the  preparation  of  the  coal,  but  with  slack  this  prelimi- 
nary crushing  is  not  necessary,  and  the  material  can  go  directly  to  the 
drier. 

DBYING  COAL. 

Coal  as  bought  may  carry  as  high  as  15  per  cent  of  water  in  winter 
or  in  wet  seasons.  Usually'  it  will  run  from  3  to  8  per  cent.  To  obtain 
good  results  from  the  crushing  machinery  this  water  must  be  driven 
off.  For  coal  drying,  as  for  the  drying  of  raw  materials,  the  rotary 
drier  seems  best  adapted  to  American  conditions.  It  should  be  said, 
however,  that  in  drying  coal  it  is  usually  considered  inadvisable  to 
allow  the  products  of  combustion  to  pass  through  the  cylinder  in 
which  the  coal  is  being  dried.  This  restriction  serves  to  decrease 
slightly  the  possible  economy  of  the  drier,  but  an  evaporation  of  6  to 
8  pounds  of  water  per  pound  of  fuel  coal  can  still  be  counted  on  with 
any  good  drier.  The  fuel  cost  of  drying  coal  containing  8  per  cent 
of  moisture,  allowing  $2  per  ton  for  the  coal  used  as  fuel,  will  there- 
fore be  about  3  to  4  cents  per  ton  of  dried  product. 

PULVERIZING   COAL. 

Though  apparently  brittle  enough  when  in  large  lumps,  coal  is  a 
difficult  material  to  pulverize  finely.  For  cement-kiln  use,  the  fineness 
of  reduction  is  extremely  variable.  The  finer  the  coal  is  pulverized 
the  better  results  will  be  obtained  from  it  in,  the  kiln,  and  the  poorer 
the  quality  of  the  coal  the  finer  it  must  be  pulverized.  The  fineness 
attained  in  practice  may  therefore  vary  from  85  per  cent,  through  a 
100-mesh  sieve,  to  95  per  cent  or  more,  through  the  same.  At  one 
plant  a  very  poor  but  cheap  coal  is  pulverized  to  pass  98  per  cent 
through  a  100-mesh  sieve,  and  in  consequence  gives  very  good  results 
in  the  kiln. 

Coal  pulverizing  is  usually  carried  on  in  two  stages,  the  material 
being  first  crushed  to  20  to  30  mesh  in  a  Williams  mill  or  ball  mill,  and 
finally  reduced  in  a  tube  mill.  At  many  plants,  however,  the  entire 
reduction  takes  place  in  one  stage.  Griffin  or  Huntington  mills  being 
used. 

TOTAL  COST  OF  COAL  PREPARATION. 

The  total  cost  of  crushing  (if  necessary),  drying,  and  pulverizing 
coal,  and  of  conveying  and  feeding  the  product  to  the  kiln,  together 
with  fair  allowances  for  replacements  and  repairs  and  for  interest  on 
the  plant,  will  probably  range  from  about  20  to  30  cents  per  ton  of 
dried  coal,  for  a  4-kiln  plant.  This  will  be  equivalent  to  a  cost  of 
from  3  to  5  cents  per  barrel  of  cement.    While  this  ma}'  seem  a  heavy 
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addition  to  the  cost  of  ceraent  manufacture,  it  should  be  remembered 
that  careful  drying  and  fine  pulverizing  enable  the  manufacturer  to 
use  much  poorer,  and  therefore  cheaper,  grades  of  coal  than  could 
otherwise  be  utilized. 

CLINKER  GRINDING. 

The  power  and  machinery  required  for  pulverizing  the  clinker  at  a 
Portland-cement  plant  using  the  dry  process  of  manufacture  are  not 
much  more  than  those  needed  for  pulverizing  the  raw  materials.  This 
may  seem  at  first  sight  improbable,  for  Portland-cement  clinker  is 
much  harder  to  grind  than  any  possible  combination  of  raw  Materials; 
but  it  must  be  remembered  that  for  every  barrel  of  cement  produced 
about  600  pounds  of  raw  materials  must  be  pulverized,  while  only  a 
scant  400  pounds  of  clinker  will  be  treated,  and  that  the  large  crushers 
required  for  some  i*aw  materials  can  be  dispensed  with  in  crushing 
clinker.  With  this  exception,  the  machinery  for  treating  the  raw 
material  and  that  for  treating  the  clinker  of  a  dry-process  Portland 
cement  plant  are  usually  almost  duplicates. 

The  difficulty,  and  in  consequence  the  exj>ense,  of  grinding  clinker 
will  depend  in  large  part  on  the  chemical  composition  of  the  clinker 
and  on  the  temperature  at  which  it  has  been  burned.  The  difficult}' 
of  grinding,  for  example,  increases  with  the  percentage  of  lime  carried 
by  the  clinker,  and  a  clinker  containing  64  per  cent  of  lime  will  be 
very  noticeably  more  resistant  to  pulverizing  than  one  carrying  62 
per  cent  of  lime.  So  far  as  regards  burning,  it  may  be  said  in  general 
that  the  more  thoroughly  burned  the  clinker  the  more  difficult  it  will 
be  to  grind,  assuming  that  its  chemical  composition  remains  the  same. 

The  tendency  among  engineers  at  present  is  to  demand  more  finely 
ground  cement.  While  this  demand  is  doubtless  justified  by  the 
results  of  comparative  tests  of  finely  and  coai*sely  ground  cements,  it 
must  be  borne  in  mind  that  any  increase  in  fineness  of  grinding  means 
a  decre4ise  in  the  product  per  hour  of  the  grinding  mills  employed, 
and  a  consequent  increase  in  the  cost  of  cement.  At  some  i>oint  in 
the  process,  therefore,  the  gain  in  strength  due  to  fineness  of  grinding 
will  be  counterbalanced  by  the  increased  cost  of  manufacturing  the 
more  finely  ground  product. 

The  incre^ise  in  the  required  fineness  has  been  gradual  but  steady 
during  recent  years.  Most  specifications  now  require  at  least  90  per 
cent  to  pass  a  100-mesh  sieve,  a  number  require  92  per  cent,  while  a 
few  important  specifications  require  95  per  cent. 

ADDITION  OF  GYPSUM. 

The  cement  produced  by  the  rotary  kiln  is  invariably  naturally  so 
quit'k-setting  as  to  require  the  addition  of  sulphate  of  lime.  This  sub- 
stance, when  added  in  quantities  up  to  2i  or  3  j)er  cent,  retards  the 
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rate  of  set  of  the  cement  proportionately,  and  appears  to  exert  no 
injurious  influence  on  the  strength  of  the  cement.  In  amounts  over 
3  per  cent,  however,  its  retardisg  influence  seems  to  become  at  least 
doubtful,  while  a  decided  weakening  of  the  cement  is  noticeable. 

Sulphate  of  lime  may  be  added  in  one  of  two  forms,  either  as  crude 
gypsum  or  as  burned  plaster.  Crude  gypsum  is  a  natural  hydrous 
lime  sulphate,  containing  about  80  per  cent  of  lime  sulphate-  and  20 
per  cent  of  water.  When  gypsum  is  calcined  at  temperatures  not 
exceeding  400^  F.,  most  of  its  contained  water  is  driven  off.  The 
^^ plaster"  remaining  carries  about  93  per  cent  of  lime  sulphate,  with 
only  7  per  cent  of  water. 

In  Portland-cement  manufacture  either  gypsum  or  burned  plaster 
may  be  used  to  retard  the  set  of  the  cement,  but  gypsum  is  univer- 
sally employed  in  the  United  States.  This  is  merely  a  question  of 
cost.  It  is  true  that  to  secure  the  same  amount  of  retardation  of  set 
it  will  be  necessary  to  add  a  little  more  gypsum  than  burned  plaster, 
but  gypsum  is  nuich  cheaper  than  burned  plaster. 

The  addition  of  the  gypsum  to  the  clinker  is  usually  made  before  it 
has  passed  into  the  ball  mill,  comminuter,  or  whatever  mill  is  in  use 
for  preliminary  grinding.  Adding  it  at  this  point  insures  much  more 
thorough  mixing  and  pulverizing  than  if  the  mixture  were  made  later 
in  the  process.  At  some  of  the  few  plants  which  use  plaster  instead 
of  gypsum  the  finely  ground  plaster  is  not  added  until  the  clinker  has 
received  its  final  grinding  and  is  ready  for  storage  or  packing. 


PART  II.    PORTLAND  -  CEMENT  RESOURCES  OF   THE  UNITED 

STATES. 

INTRODUCTION. 

In  this  part  of  the  bulletin  the  States  are  taken  up  in  alphabetical 
order  and  the  available  Portland-ceraent  materials  of  each  State  are 
described,  whether  the  materials  are  used  or  not.  When  Portland- 
cement  plants  are  in  operation,  a  brief  sketi^h  of  the  materials  used  and 
processes  followed  is  also  given.  These  descriptions  are  based,  in  the 
large  majority  of  cases,  on  the  results  of  the  writer's  field  work  in  1903 
and  1904,  in  the  course  of  which  most  of  the  Portland-cement  plants 
of  the  United  States  were  visited.  Portland-cement  plants  are  in 
operation  in  nineteen  States  (see  PL  I). 

The  cement  resources  of  the  various  States  can  not  be  described  in 
uniform  detail.  In  some  States  the  limestones  have  been  accurately 
mapped  throughout  their  extent,  and  numerous  analyses  are  available. 
In  such  cases  a  more  detailed  discussion  of  the  cement  resources  is  pos- 
sible than  where  geologic  nlapping  is  less  advanced.  For  this  reason 
the  descriptions  of  some  of  the  States  are  unsatisfactory,  but  it  would 
have  been  impossible  to  adequately  repair  these  defects  of  omission  in 
any  reasonable  length  of  time. 

References  are  frequently  made,  in  footnotes,  to  reports  of  the 
States  or  of  the  United  States  Geological  Survey.  Such  reports  may 
usually  be  obtained,  either  free  or  at  a  nominal  price,  on  application 
to  the  officials  at  the  heads  of  the  respective  surveys.  * 

Maps  showing  the  distribution  of  cement  materials  have  been 
inserted  wherever  sufficient  data  were  at  hand  to  justify  their  presen- 
tation. 

I'ORTI.AXD-CKMTiNT  RESOURCES  OF  AliABAMA. 

PORTLAND-CEMENT    MATERIALS    OF   ALABAMA. 

By  Eugene  A.  Smith. 

In  Alabama  several  extensive  series  of  limestones  capable  of  fur- 
nishing excellent  raw  material  for  the  manufacture  of  Portland  cement 
occur,  while  the  shales  and  clays  necessary  to  complete  the  mixture 
are  found  in  every  county  in  the  State.     As  a  matter  of  convenience, 
60 
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the  Portland-cement  materials  of  northern  Alabama  and  of  centnil 
and  southern  Alalmma  will  be  discussed  separately,  because  there  is 
a  marked  geologic  as  well  as  geographic  distinction  between  the  two 
portions  of  the  State.   ' 

HOBTHXBK   ALABAMA. 

The  raw  materials  for  the  manufacture  of  Portland  cement  occur- 
ring in  the  Paleozoic  formations  of  northern  Alabama  are  limestones, 
shales,  and  clays.  The  limestones  belong  mainly  to  the  Mississip- 
pian  ("  Lower  Carboniferous")  and  to  the  Chickamauga  formation,  the 
shales  to  the  Pennsylvanian  (''Coal  Measures"),  and  the  clays^'the 
Cambrian,  Mississippian,  and  Pennsylvanian.  Although*  these  mate- 
rials have  not  yet  been  utilized  for  Portland-cement  manufacture  in 
Alabama,  they  have  been  so  used  in  other  States,  and  there  is  no  reason 
to  doubt  that  the  future  will  witness  their  utilization  in  Alabama. 

GENERAL  GEOLOGY. 

In  northern  Alabama  the  combined  effects  of  geologic  structure  and 
erosion  have  resulted  in  certain  definite  toxxjgi-aphic  types  with  which 
the  geologic  outcrops  are  closely  connected. 

Structurally,  northern  Alabama  is  made  up  of  a  series  of  pai-allel 
syndines  and  anticlines,  trending  usually  a  little  north  of  east.  The 
anticlines. are  sharp,  narrow  folds;  the  synclines  are  flat,  wide  basins. 
The  effect  of  erosion  has  been  to  cut  away  the  synclines,  and  the 
streams  of  the  region  now  run  along  anticlinal  valleys  bordered  by 
flat-topped  synclinal  plateaus. 

The  plateaus  throughout  most  of  northern  Alabama  are  capped  by 
conglomerates,  shales,  and  sandstones  of  the  Coal  Measures.  The 
Mississippian  limestones  comraonl}'^  outcrop  along  the  sides  and  at  the 
immediate  base  of  the  plateaus.  The  Ordovician  {"  Lower  Silurian") 
beds  occur  as  long,  narrow  outcrops  in  the  valleys..  The  middle  of 
the  valley  is  usually  occupied  by  Cambrian  shales  and  the  Knox  dolo- 
yiite.  The  Chickamauga  limestones  would  normally  outcrop  as  two 
parallel  bands  in  each  valley — between  the  middle  of  the  valley  and 
the  foothills  of  the  plateaus.  Faulting  has,  however,  been  so  common 
that  only  one  of  these  bands  is  usually  present,  the  other  being  cut  out 
by  a  fault. 

LIMESTONES. 

CiriCh'AMA  VGA  LIMESTONE. 

The  Chickamauga  limestones  outcrop  in  Alabama  in  three  principal 
areas.  In  the  Tennessee  River  Vallev  some  of  the  smaller  streams 
which  flow  into  the  river  from  the  north,  like  Flint  River,  Limestone 
Creek,  Elk  River,  Bluewater  Creek,  and  Shoal  Creek,  have  eroded 
their  vallo\"s  into  the  Chickamauga  limestone.     These  areas  are  crossed 
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at  only  a  few  points  by  the  railroads  leading  out  from  Iluntsville  and 
Florence,  and  no  commercial  use  has  as  yet  been  made  of  the  rock. 

In  the  narrow  anticlinal  valleys  below  enumerated  erosion  has  in 
most  cases  sunk  the  floors  of  the  valleys  into  Cambrian  strata,  and,  as 
a  consequence,  the  Chickamauga  limestone  occupies  a  narrow  belt  on 
each  side,  near  the  base  of  the  Red  Mountain  ridges.  But  since  a  fault 
usually  occurs  on  one  side  of  these  vialleys,  the  Red  Mountain  ridges 
and  the  accompanying  (llhickamau^a  limestone  are  more  fully  repre- 
sented on  the  unfaulted  side,  which  is  the  eastern  side  in  all  except 
Murphrees  Valley.  While  the  Chickamauga  forms  practically  a  con- 
tinuous belt  along  the  undisturbed  side,  extensive  areas  are  sometimes 
found  on  the  faulted  side  also.  This  is  the  case,  for  instance,  at  Vance, 
on  the  Alabama  Great  Southern  Railroad,  where  the  rock  is  quarried 
for  flux  for  the  furnace  of  the  Central  Iron  Company  at  Tuscaloosa. 
Analysis  1  of  the  table  on  page  69  shows  its  composition  here.  Other 
series  of  analyses  from  lower  ledges  in  the  quarry  show  only  1.22  per 
cent  of  silica,  but  more  magnesia. 

In  cases  where  erosion  has  not  gone  so  deep  as  to  reach  the  Cam- 
brian the  Chickamauga  may  be  found  extending  entirely  across  the 
valleys.  This  is  the  case  in  the  lower  part  of  Browns  Valley  from 
Brooksville  to  beyond  Guntersville.  Above  Guntersville  the  Chicka- 
mauga is  seen  mainly  on  the  eastern  side  of  the  valley.  The  river 
touches  these  outcrojxs  at  many  points,  and  at  Guntersville  the  rail- 
road connecting  that  city  with  Attalla  would  afford  an  additional 
means  of  transportation.  No  developments  have  yet  been  made  in 
this  area. 

The  vallc}^  separating  the  Warrior  from  the  Cahaba  coal  field  is 
known  as  Roups  Valley  in  the  southern  and  as  Jones  Valley  in  the 
northern  part. "  In  these  the  Chickamauga  limestone  occupies  a  nar- 
row, continuous  belt,  usually  near  the  base  of  the  eastern  Red  Moun- 
tain ridge,  though  in  places  it  is  high  up  on  the  ridge  and  even  at  its 
summit,  as  at  Gate  Cit}',  where  the  quarries  of  the  Sloss  Iron  Com- 
pany are  located.  Many  analyses  of  the  rock  from  this  quarry  have 
been  made,  and  seveml  are  given  in  the  table  on  page  69  (Nos.  2,  3,  4, 
5,  6). 

In  Murphrees  Valley  the  continuous  belt  of  Chickamauga  lime- 
stone, as  above  explained,  is  on  the  western  side,  while  the  faulted 
remnants  are  on  the  eastern  side.  No  quarries  have  been  opened  in 
the  Chickamauga  limestone  here,  but  the  Louisville  and  Nashville 
Railroad  goes  up  the  valley  as  far  as  Oneonta  and  would  afford  means 
of  transportation. 

In  Cahaba  Valley,  which  separates  the  Cahaba  coal  field  from  the 
Coosa  coal  field,  the  Chickamauga  is  well  exposed  on  the  eastern  side 
for  the  entire  length  of  the  valley  from  Gadsden  down.  It  expands 
into  wide  areas  near  the  southern  end,  where  it  has  been  quarried  for 


if 


J.  5.  GEOLOGICAL  SURVEY 


GEOLOGIC    MAP    OF    MISSISSIPPI,    ALABAM.A 


AND    PART    OF    GEORGIA 


LEGEND 

POST-EOCENE 


EOCENE  AND  OLIQOCENE 


L 


iwrt  Umaatoi 

EOCENE 


ClBlborne  nnilatoiisa.  mwrla,  ei 


n: 


Id  VUMtBtOnoH,  'X4J   iHdHi 


□NtOU*  AND   METAMORPHIC   H 


BCKEL.1  ALABAMA.  63 

lime  burning  at  Pelham,  Siluria,  Longview,  Calera,  and  other  places 
on  the  line  of  the  Louisville  and  Nashville  road.  Analyses  7,  8,  and 
9  of  the  table  on  page  69  show  the  composition  of  the  rock  in  this 
region. 

The  Central  of  Georgia  and  the  Southern  i-ailroads  cross  this  belt 
about  midway  of  its  length  at  Leeds,  in  Jefferson  County,  and  near  its 
northern  end  it  is  crossed  by  the  Louisville  and  Nashville  Riiilroad, 
where  a  quarry  at  Rock  Springs,  on  the  flank  of  Colvin  Mountain, 
supplies  the  rock  for  lime  burning.  Analysis  10  (p.  69)  shows  the 
character  of  the  rock  at  this  point. 

At  Pratts  Ferry,  on  Cahaba  River,  a  few  miles  above  Centerville, 
in  Bibb  County,  the  Chickamauga  limestone  makes  high  bluffs  along 
the  river  for  several  miles,  and  is  in  most  convenient  position  for  easy 
quarrying. 

Marble  works  have  in  former  days  been  established  here  and  should 
be  again  put  in  operation,  since  the  marble  is  of  fine  quality  and  beau- 
tifully variegated.  No  analyses  are  available,  but  there  is  no  doubt 
that  much  of  the  rock  is  sufficiently  low  in  magnesia  to  be  tit  for  use 
in  cement  making.  Cahaba  River  and  a  short  spur  from  the  Mobile 
and  Ohio  Railroad  would  afford  transportation  facilities  for  this  deposit. 

In  Big  Wills  Valley,  which  separates  Sand  and  Lookout  mountains, 
the  Chickamauga  limestone  occupies  perhaps  25  square  miles,  but  it  is 
crossed  only  hy  the  railroad  connecting  Gadsden  with  Guntersville. 
No  analyses  are  available. 

In  the  great  Coosa  Valle^'^  region  the  Chickamauga  outcrops  are 
found  mostly  on  the  western  border,  near  the  base  of  Lookout  Moun- 
tain,  as  in  Broomtown  Valley  and  in  other  valleys  extending  south 
toward  Gadsden.  While  these  belts  have  been  utilized  in  the  past  for 
the  old  Gaylesville,  Cornwall,  and  Round  Mountain  furnaces,  and  pos- 
sibly for  some  furnaces  now  in  blast,  no  analyses  are  available. 

Similarly,  farther  south,  along  this  western  border  of  the  Coosa 
Valley,  and  running  parallel  with  the  Coosa  coal  field  in  Calhoun,  St. 
Clair,  and  Shelby  counties,  there  are  numerous  long,  narrow  outc*rops 
of  Chickamauga  limestone.  The  Calcis  quarry  of  the  Tennessee  Coal, 
Iron  and  Railroad  Company,  on  the  Central  of  Georgia  Railroad,  near 
Sterritt,  is  upon  one  of  these  outcrops,  and  furnishes  limestone  with  a 
very  low  and  uniform  percentage  of  silica  and  magnesia.  Analyses  11, 
12, 13, 14, 15,  and  16  exhibit  the  quality  of  the  rock  as  received  at  the 
Ensley  Steel  Works,  but  care  is  taken  at  the  quarry  to  select  ledges 
low  in  silica  and  magnesia,  and  the  analyses  therefore  represent  only 
the  selected  ledges  and  not  the  average  run  of  the  quarr}^  as  a  whole. 

Near  Talladega  Springs,  Marble  Valley,  and  Shelby  are  other  occur- 
rences of  the  rock,  and  a  quarry  a  few  miles  east  of  Shelb}^  furnace 
has  for  many  years  supplied  that  furnace  with  its  flux.  The  quality 
of  the  Kmteriftl  here  is  shown  b^^  analyses  17,  18,  19,  and  20  (p.  69). 
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The  Cambrian  limestones  contain  generally  a  very  considerable  pro- 
portion of  magnesia,  and  for  this  reason  are  not  suited  for  Portland 
cement  manufacture,  though  admirably  adapted  for  furnace  stone. 

Along  the  eastern  border  of  the  Coosa  Valle3%  near  its  contact  with 
the  metamorphic  rock,  there  is  a  belt  of  limestone  which,  in  places,  is 
a  white  crystalline  marble  of  great  purity,  as  is  shown  by  analyses  1  to 
7,  inclusive,  of  the  table  on  page  70.  The  Louisville  and  Nashville  Rail- 
road from  Calera  to  Talladega  passes  close  to  this  belt  at  many  points. 
This  marble  has  been  quarried  at  seveml  places  for  ornamental  stone. 
It  is  mentioned  here  because  it  is  near  the  milroad  and  its  description 
completes  the  account  of  the  limestone. 

MISSISSIPPIAN  {'*  LOWER  CARBONIFEROUS*')  LIMESTONES. 

Limestones  of  suitable  quality  for  cement  manufacture  occur  in  the 
Bangor  limestone  of  the  Mississippian  (''Lower  Carboniferous"). 
Perhaps  the  most  accessible  occurrences  of  this  rock  are  in  the  Ten 
nessee  Valley  to  the  west  of  Tuscumbia  and  south  of  the  river  and 
railroad.  Here  the  quarries  of  Fossick  &  Co.  were  formerly  located. 
Their  quarries  at  this  time  are  farther  east,  but  at  a  greater  distance 
from  the  river,  in  Lawrence  County  north  of  RusscUville.  This  out- 
crop extends  thence  eastward  along  the  base  of  Little  Mountain  as  far 
as  Whitesburg,  above  which  place  to  Guntersville  the  river  flows 
through  a  valley  floored  with  Mississippian  limestone.  The  Southern 
Railway  passes  over  outcrops  of  this  rock  in  most  of  the  mountain 
coves  east  of  Huntsville,  and  from  Scottsboro  to  the  Tennessee  line 
the  country  rock  is  almost  entirely  of  this  formation.  The  Louisville 
and  Nashville  Railroad  south  of  Decatur  nearly  to  Wilhite  is  mostly 
in  the  same  formation.  These  two  lines,  together  with  Tennessee 
River,  would  provide  ample  means  of  transportation  for  the  rock  or 
for  the  finished  product.  An  analysis  of  the  rock  from  the  Fossick 
quarries  is  given  in  the  table  on  page  68. 

In  Browns  Valley,  south  of  Brooksville,  the  Bangor  limestone  is  the 
prevailing  rock  across  the  valley,  and  at  Bangor  and  Blount  Springs, 
on  the  Louisville  and  Nashville  Railroad,  there  are  extensive  quarries 
which  have  been  worked  for  many  years  to  supply  rock  for  fluxing 
purposes  to  the  furnaces  of  the  Birmingham  district.  Analyses  Nos. 
2,  3,  4,  5,  6,  7,  8,  and  9,  on  page  68,  show  the  composition  of  average 
samples  from  these  quarries;  5  to  9,  inclusive,  are  of  carload  samples. 

From  Brooksville  to  the  Tennessee  line  a  great  thickness  of  this 
limestone  is  exposed  along  the  western  escarpment  and  below  the  top 
of  Sand  Mountain,  wliich  is  capped  by  sandstones  of  the  Coal  Measures. 
In  this  area  the  river  runs  near  the  foot  of  the  mountain  and  would 
aflTord  the  means  of  transportation. 

In  similar  manner  the  Bangor  limestone  outcrops  along  the  western 
flank  of  Lookout  Mountain  in  Little  Wills  Valley,  from  near  Attalla 
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to  the  Georgia  line,  and  south  of  Attaila  it  forms  the  lower  part  of  the 
escarpments  of  Blount  and  Chandlers  Mountain.  The  Alabama  Great 
Southern  Railroad  passes  very  near  to  the  outcrop  from  the  Georgia 
line  down  to  Springville,  Ala.  South  of  Springville  large  outcrops 
occur  in  Shades  Valley,  and  at  Trussville.are  quarries  which  have  sup- 
plied the  Birmingham  furnaces.  Analyses  10  to  17,  inclusive,  page  68, 
are  of  material  from  Trussville;  and  analyses  12  to  17,  inclusive,  rep- 
resent average  samples  from  carload  lots  delivered  to  furnace. 

In  Murphrees  Valley  the  main  outci4)p  of  this  rock  is  on  the  western 
side,  and  quarries  at  Compton  have  for  many  years  been  worked  to 
supply  the  Birmingham  furnaces.  Analyses  18,  19,  and  20  of  the 
rock  from  these  quarries  show  somewhat  varying  composition,  but  by 
proper  selection  suitable  material  could  easily  be  obtained. 

In  the  valleys  lying  east  of  Shades  Valley  and  in  parts  of  Shades 
Valley  itself  this  formation  becomes  prevailing  by  shales  and  sand- 
stones, limestones  being  of  limited  occurrence  and  of  inferior  quality. 

CLAYS  AND  SHALES. 

The  most  important  clays  in  the  Paleozoic  region  occur  in  the  Coal 
Measures,  in  the  Mississippian,  and  in  the  Ordovician  and  Cambrian 
formations.  But,  inasmuch  as  a  later  formation — the  Tuscaloosa  of 
the  Cretaceous — borders  the  Paleozoic  on  the  west  and  south,  and  as 
it  contains  a  great  variety  as  well  as  abundance  of  clays,  it  will  be 
described  here,  although  it  is  not  Paleozoic. 

ORDOVICIAN  i" LOWER  SILURIAN ')  AND  CAMBRIAN  SHALES. 

Associated  with  the  cherty  limestones  and  brown  iron  ores  of  these 
formations  are  beds  of  fine  white  clay,  much  of  it  china  clay. 
Analysis  7  of  the  second  table  on  page  70  shows  the  composition  of  a 
white  clay  from  the  brown  ore  bank  at  Rock  Run,  in  Cherokee  County, 
where  the  clay  is  about  30  feet  in  thickness.  Analyses  8  and  9  are 
also  from  Rock  Run.  No.  10,  from  near  Gadsden,  No.  11,  from 
Blount  County,  and  No.  12,  from  Oxanna,  in  Calhoun  County,  are  of 
clays  which  seem  to  be  adapted  to  cement  making.  While  no  great 
number  of  the  clays  of  these  formations  have  been  analyzed,  they  are 
known  to  be  widely  distributed  in  Calhoun,  Talladega,  Jefferson,  Tus- 
caloosa, and  other  counties  in  connection  with  the  brown  ore  deposits. 

MISSISSIPPIAN  {*' LOWER  CARBONIFEROUS")  SHALES. 

Associated  with  the  cherty  limestones  of  the  lowermost  division  of 
the  Carboniferous  of  some  of  the  anticlinal  valleys  are  beds  of  clay  of 
excellent  quality,  much  of  it  being  of  the  nature  of  china  clay. 

Probably  the  best  exposures  of  these  clays  are  in  Little  Wills  Val- 
ley, between  Fort  Payne  and  the  Georgia  border,  and  on  the  line  of 
the  Alabama  Great  Southern  Railroad,  where  for  many  years  quarries 

Bull.  243—05 5 


66  CEMENT   MATERIALS    AND   INDUSTRY.  [bull.  243. 

have  been  in  operation  in  supplying  material  for  tile  works  and  pot- 
teries. The  cla3^s  lie  near  the  base  of  the  formation,  close  above  the 
black  shale  of  the  Devonian,  and  avemge  about  40  feet  in  thickness, 
though  in  places  they  reach  200  feet.  The  clay  beds  alternate  with 
seams  of  chert  which  are  from  2  to  8  inches  in  thickness,  while  the 
clay  beds  vary  from  12  to  18  inches.  The  upper  half  of  the  clay  is 
more  gritty  than  the  lower  half,  which  often  contains  material  suitable 
for  the  manufacture  of  the  finer  grades  of  porcelain  ware.  Analyses 
3-6  in  the  second  table  on  page  7(>  show  the  composition  of  several  vari- 
eties of  clay  from  this  section.    ' 

PENNSVLVAyiAN  ("  COAL  MEASURES'')  SHALES. 

In  this  group  are  numerous  beds  of  shale  which  have  been  utilized 
in  the  manufacture  of  vitrified  brick  and  fire  brick,  but  many  of  them 
will  probably  ]>e  adapted  to  cement  making.  A  great  body  of  these 
shales  occurs  in  connection  with  the  coal  seams  of  the  Horse  Creek  or 
Mary  Lee  group,  in  Jefferson  and  Walker  counties,  and  in  position 
where  they  are  conveniently  situated  with  reference  to  limestone  and 
coal  and  also  to  transportation  lines.  They  are  therefore  well  worth 
the  attention  of  those  contemplating  the  location  of  cement  plants. 

On  the  property  of  Mr.  W.  H.  Graves,  near  North  Birmingham, 
overlying  the  coal  seam  mined  by  him,  are  two  beds  of  shale — one 
yellowish,  the  other  gray.  These  two  shales  have  been  tested  and 
analyzed,  and  their  composition  is  shown  in  Nos.  1  and  2  of  the  second 
table  on  page  70. 

Similar  shales  are  used  also  at  Coaldale,  in  Jefferson  County,  and  at 
Pearce's  mill,  in  Marion.  Of  these  we  have  reports  of  physical  tests, 
but  no  analyses. 

So  also  most  of  the  coal  seams  mined  in  Alabama  rest  upon  clay 
beds  which  have  not  as  yet  been  specially  examined  as  to  their  fitness 
for  cement  making;  but,  in  view  of  the  proximity  of  the  coal  mines  to 
the  limestones,  it  might  be  worth  while  to  investigate  these  underclays 
of  the  coal  seams. 

CRETACEO US  CLA  VS. 

In  many  respects  the  most  important  formation  of  Alabama  with 
regard  to  clays  is  the  lowermost  division  of  the  Cretaceous,  which 
has  been  called  the  Tuscaloosa,  and  which  is,  in  part  at  least,  of  the 
same  geologic  horizon  as  the  Raritan  clays  of  New  Jersey.  The  pre- 
vailing strata  of  this  formation  are  yellowish  and  grayish  sands,  but 
suboixiinated  to  them  are  great  lenses  of  massive  clay,  varying  in  qual- 
ity from  almost  pure-white  burning  clay  to  dark-purple  and  mottled 
varieties  high  in  iron. 

The  formation  occupies  a  belt  of  country  extending  from  the  north- 
western corner  of  the  State  around  the  edges  of  the  Paleozoic  forma- 
•  tions  to  the  Georgia  line  at  Columbus.     Its  greatest  width  is  at  the 
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northwest  boundary  of  the  State,  where  it  covers  an  area  30  or  4:0 
miles  wide  in  Alabama  and  of  about  the  same  width  in  Mississippi. 
The  breadth  at  Wetumka  and  thenee  eastward  to  the  Georgia  line  is 
only  a  few  miles.  The  most  important  part  of  this  belt  is  where  it  is 
widest,  in  Elmore,  Bibb,  Tuscaloosa,  Pickens,  Fayette,  Marion,  Lamar, 
Franklin,  and  Colbert  counties,  and  the  deposfts  are  travei'sed  by  the 
lines  of  the  Mobile  and  Ohio,  the  Alabama  Great  Southern,  the  Louis- 
ville and  Nashville,  the  Southern,  and  the  Kansas  City,  Memphis  and 
Birmingham  railroads,  as  well  as  by  the.  Warrior  and  Tombigbee 
rivers. 

These  clays  have  been  described  in  some  detail.  Many  analyses  and 
physical  tests  have  been  presented  in  Bulletin  No.  6  of  the  Alabama 
Geological  Survey.  From  this  bulletin  have  been  selected  certain 
analyses  which  appear  to  indicate  the  fitness  of  the  clays  for  cement 
making. 

In  Elmore  County  in  the  vicinity  of  Coosada,  along  the  banks  of  the 
river,  about  Robinson  Springs,  Edgewood,  and  Chalk  Bluff,  are  many 
deposits  of  these  clays,  some  of  which  have  been  used  in  potteries 
for  many  years.  Analyses  13,  14,  and  15,  on  page  70,  are  of  clays 
from  Coosada,  Edgewood,  and  Chalk  Bluff,  respectively. 

In  Bibb  County  clay  for  fire  brick  has  been  quarried  very  exten- 
sively at  Bibbville  and  near  Woodstock.  For  this  purpose  the  mate- 
rial is  carried  to  Bessemer  by  the  Alabama  Great  Southern  Railroad. 
Analysis  16,  from  Woodstock,  and  17,  from  Bibbville,  will  represent 
the  average  quality  of  the  clay  from  these  beds,  which  are  very  exten- 
sive both  in  thickness  and  in  surficial  distribution.  The  Mobile  and 
Ohio  crosses  other  extensive  deposits  in  the  southern  part  of  the 
county,  but  no  analyses  are  available. 

The  most  im)x)rtant  of  the  clay  beds  in  Tuscaloosa  County  are  trav- 
ersed by  the  Mobile  and  Ohio  Railroad  and  by  the  Alabama  Great 
Southern. 

Analysis  18,  from  Hull's,  and  analysis  19,  from  the  Cribbs  beds, 
are  on  the.Alabama  Great  Southern,  and  20  and  21  are  from  cuts  of 
the  Mobile  and  Ohio,  a  few  miles  west  of  the  city  of  Tuscaloosa. 

Many  large  beds  are  exposed  along  the  Mobile  and  Ohio  road  in 
Pickens  County  also,  but  ver^'  few  have  been  investigated.  Analysis 
22  is  from  Roberts's  mill,  in  this  countv. 

In  Lamar  and  Fayette  counties  the  same  conditions  prevail  as  in 
Pickens  and  Tuscaloosa.  Analysis  23  is  of  pottery  clay  from  the 
Cribbs  place,  in  Lamar;  24  is  of  clay  from  Wiggins's,  4  miles  west 
of  Fayette;  25  and  26  are  clays  from  W.  Doty's  place,  14  miles  west  of 
that  town,  in  Fayette  County. 

Marion  is  one  of  the  banner  counties  of  the  State  for  fine  clays,  but 
it  is  touched  by  railroads  only  along  its  southern  border  and  in  the 
extreme   northeastern   corner.     Although   at   present   not  available 
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because  inaccessible,  the  clays  mentioned  below  (tabulated  on  page  71) 
are  worthy  of  consideration:  27,  from  Bexar;  28,  from  Briggs  Fi'ed- 
ericks',  in  sec.  8,  T.  10,  R.  13  W.  The  last  is  from  the  great  clay 
deposit  which  gives  the  name  to  Chalk  Blutf  and  which  underlies 
about  two  townships;  29  is  from  a  locality  about  16  miles  southwest 
of  Hamilton,  the  county  seat. 

No.  30  is  from  a  locality  near  the  Mississippi  line,  in  sec.  20,  T.  8, 
R.  16  W.,  in  Franklin  County,  from  land  of  Mr.  Thomas  Rollins. 

Of  the  numerous  fine  clays  of  Colbert  County  analyses  are  given  of 
two  from  Pegram  station,  on  the  Southern  Railway  near  the  Missis- 
sippi State  line.    These  are  Nos.  31  and  32. 

ANALYSES. 
Analyses  of  Mississippian  limestones  from  Alabama, 


Number. 

Silica 
(SiO,). 

Iron  oxide 

and 
alumina 

Lime 

carbonate 

(CaCOs). 

Mactnesium 
carbonate 
(MgCOa). 

Sulphur 

(S). 

1 

.0.50 

1.73 

.77 

1.14 

1.02 

1.40 

.68 

.81 

.82 

2.16 

3.12 

.85 

1.08 

.73 

.64 

1.12 

.42 

2.05 

4.45 

2.80 

t 

1.45 

.78 

.35 

.34 

1.38 

1.17 

1.02 

.89 

.60 

2.31 

2.32 

.65 

.61 

.65 

.62 

.90 

.37 

.76 

3.30 

.70 

96.58 
96.54 
97.60 
98.53 
95.25 
94.67 
96.54 
97.45 
97.37 
89.15 
85.87 
96.64 
96.91 
97.60 
97.48 
96.38 
97.32 
89.64 
86.35 
94.59 

2.58 

2 

3 

4 

5 

1.73 

2.26 

1.26 

.35 

.75 

4.20 

4.20 

1.36 

.90 

.52 

.76 

1.10 

1.39 

8.15 

6 

7 

8 

9 

0.029 

10 

11 

12 

.024 

13 

.019 

14 

15 

.018 

16 

17 

.020 

18 

19 

20 

*****"*'**i"""      ------ 

1 

1.  Average  sample  from  Focfiick  quarry,  near  Rockwood,  Franklin  County.    Government  Arsenal, 
Watertown,  Mass.,  analyst. 

2.  Average  sample  from  Blount  Springs  quarry— a  compact  limestone.    Henry  McCalley,  analyst. 

3.  Average  sample  from  Blount  Springs  quarry— a  granular  oolitic  limestone.    Henry  McCalley, 
analyst. 

4.  Average  sample  upper  75  feet,  Blount  Springs  quarry.    J.  L.  Beeson,  analyst. 
5-9.  Average  sample  Blount  Springs  quarry.    J.  R.  Harris,  analyst ^ 

10,11.  From  Wortnington  quarry,  near  Tnissville,  Jefferstm  Coiiuty.    C.  A.  Meissner,  analyst. 
12-17.  From  Vanns,  near  Trussville.    J.  R.  Harris,  analyst. 

18.  Average  of  about  IfiO  feet  thickness  of  rock  used  for  &ux,  Compton  quarry,  Blount  County.    J.  L. 
Beeson,  analyst. 
19,20.  Stockhouse  sample,  Compton  quarry.    Wm.  B.  Phillips,  analyst. 
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(Umhfae*  of  Chicknmmign  limeMone^  from  Aiatfama. 


Number. 

Silica 
(SlOj). 

Iron  oxide 

and 
alumina 

Lime 

carlx>nate 

(CaCOa). 

Magnesium 
carbonate 
(MgCOs). 

Sulphur 
(S). 

1 

4.48 

5.70 

2.43 

3.65 

3.29 

3.82 

.39 

.15 

.78 

1.00 

.43 

.58 

.38 

.34 

.39 

.98 

2.50 

2.09 

1.08 

2.25 

1.22 

1.87 

3.30 

.91 

1.49 

1.96 

.13 

Tr. 

.35 

.30 

.42 

.25 

.47 

.46 

.37 

.52 

1.40 

1.01 

.63 

.68 

88.85 
91.16 
89.88 
92.38 
92.61 
90.44 
99.11 
99.16 
97.52 
97.00 
98.49 
95.78 
98.35 
96.53 
94.27 
96.92 
96.70 
93.77 
98.91 
95. 40 

3.52 

2 

3 

4 

5 

6 

7 

.75 

.75 
1.27 

Tr. 

.16 
2.89 

.30 
2.17 
4.47 
1.08 

8 

9 

10 

Tr. 

11 

12     , 

M.^               ............    .........^ 

13 

14 

15 

16 

17 

18 

•       2.48 
.58 
.94 

19 

20 

1.  ATerage  of  several  carlnadM  flux  roclc  from  quarry  at  Vance,  TiiHcaloosa  County,  of  Central  Iron 
Company  at  TuscalooMi.    H.  Buel,  analyst. 

2.  Gate  City  quarry,  Jefferson  County.  Average  sample  from  the  crusher.  Henry  McCalley, 
analyst. 

3-6.  Gate  City  quarry.    J.  W.  Miller,  analyst. 

7,8.  Longvicw  quarries,  Shelby  County.  Used  In  lime  burning.  Report  of  Alabama  State  Geolo- 
gist,- 1K75. 

9.  Jones  quarry,  near  Longview.    Report  of  Alabama  State  Geologist,  1875. 

IQ.  Rock  Spring  quarr>',  Etowah  (V>unty.  Used  in  lime  burning  and  for  flux.  Wm.  B.  Phillips, 
analyst. 

11-16.  Rock  from  Calcis  quarry.  St.  Clair  ('ounty.    J.  R.  Harris,  analyst. 

17-20.  Shelby  quarry,  Shelby  County.  Used  for  flux  in  Shelby  furnaces.  Report  of  Alabama  States 
Oeologist,  1875. 
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AncUyses  of  crystalline  jnarhles. 


N  amber. 


1 
2 


SUica  (SiOs). 


6 


Tr. 
2.70 
2.95 
4.65 
2.80 
1.35 

.28 


Iron  oxide 

and  alumina 

(FejOsand 

Al«0,). 


0.40 
1.15 
.75 
.48 
.30 
.28 


Lime  car- 
bonate 
(C^CQs). 


99.47 
90.80 
95.25 
94.40 
95.60 
97.60 
99.19 


Magnesium 
carbonate 
(MgCO,). 


0..30 
Tr. 
.62 
.41 
.66 
Tr. 
.14 


1.  Herd's  upper  quarry,  Talladega  Ck>unty.    Tuomey's  Second  Report.  Geology  of  Alabama. 
'J.  Herd's  quarry,  sec.  16,  T.  21,  R.  4  E.,  Talladega  County.    Wm.  B.  Phillips,  analyst. 

3.  Taylor's  mill,  Talladega  County,  while  marble.    Wm.  C.  Stubbs,  analyst. 

4.  Taylor's  mill,  Talladega  County,  blue  marble.    Wm.  C.  Stubbs,  analyst. 

5.  Taylor's  mill,  Talladega  County.    A.  F.  Bralnerd.  analjst. 

6.  Nix  quarry,  sec.  36,  T.  20.  R.  4  E.,  Talladega  County,  wnite  marble.    Wm.  B.  Phillips,  analyst. 

7.  Gannt's  quarry,  sec.  2,  T.  22,  R.  3  £..  Talladega  County,  white  marble.    A.  F.  Braineid,  analyst 

Analyses  of  days — Paleozoic  and  lower  Cretaceauis. 


Number. 

Silica 
(8I0»). 

Alumina 
(AI2O3). 

Iron  oxide 
(Fe,0,). 

Lime 
(CaO). 

Magnesia 
(MgO). 

1 

61.55 
57.80 
79.80 
82.04 

*66.25 
82.11 
60.50 

*72.20 
57.00 
67.95 
61.50 
84.21 
66.61 
62.60 
60.  38 
65.82 
74.25 
61.25 
65.35 
60.03 
58.13 
68.  23 
60.90 

20.25 
25.00 
11.75 
12.17 
22.90 
11.41 
26.55 
22.04 
17.80 
20.15 
26.20 
9.75 
21.04 
26.98 
20.21 
24.58 
17.25 
25.60 
21.30 
24.66 
24.68 
20.35 
18.98 

7.23 
4.00 
1.75 

Tr. 
1.60 
1.40 

.30 

.16 
5,60 
1.00 
2.10 

.69 
2.88 

.72 
6.16 
1.25 
1.19 
2.10 
2.72 
3.69 
3.85 
.     3.20 
7.68 

Tr. 
2.10 
.75 
Tr. 
Tr. 
Tr. 
.90 
.50 
2.10 
1.00 
.50 
.70 
.40 
.40 
.09 

.40 
.25 
.60 
.13 
.15 

Tr. 

0.99 
.80 
Tr. 
.33 
Tr. 
.66 
.65 
.40 

1.20 
Tr. 
.43 
.14 
.58 
.36 
.72 
Tr. 
Tr. 
.82 
.86 
.38 
.32 
Tr. 
Tr. 

2 

3 

4 

5 

• 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Alkalies 
K2O, 


(I 
Nf 


1.25 
1.80 
1.50 

.60 

.75 
1.80 
2.70 

.60 
6.00 
1.87 

.70 


.70 

.a5 

1.80 
.60 
.52 

1.35 
Tr. 
Tr. 

1.78 
.74 
Tr. 


Ignition. 


6.19 
7.50 
4.11 
4.33 
9.05 
4.00 
7.90 
5.80 
9.45 
8.00 
7.29 
4.10 
7.00 
9.30 

10.21 
8.16 
6.30 
8.10 
8.79 

11.34 

11.78 
7.16 

13.63 


Total. 


98.66 
99.00 
99.16 
99.47 

100.55 

101. 38 
99.50 

101.  70 
99.15 
99.97 
98.72 
99.59 
99.21 

101.01 

99.57 

100.41 

99.39 

99.47 

99.62 

100.23 

100.51 

100.02 

100.92 
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Analytes  of  dayn — Paleozoic  and  lower  Cretaceous — Continued. 


Number. 

SUica 
(SiO,). 

Alumina 
(Al,Os). 

Iron  oxide 
(FetOi). 

lime 
(CaO). 

Mafmesia 
(MgO). 

Alkalies 

(KsO, 

Na,0). 

1.20 
.67 

.40 
Tr. 
Tr. 

Tr. 

Ignition. 

Total. 

24 

63.27 
67.10 
65.58 
68.10 
65.49 
70.00 
67.50 
66.45 
64.90 

19.68 
19.  37 
19.23 
21.89 
24.84 
21.31 
19.84 
18.53 
25. 25 

3.52 
2.88 
4.48 
2.01 
Tr. 
2.88 
6.15 

1.30 
Tr. 
Tr. 
.80 

1.26 
.20 
.12 

1.50 
Tr. 

Tr. 
0.73 

Tr. 

.28 

Tr. 

Tr. 

.10 
1.25 

Tr. 

9.80 
7.79 
6.90 
5.75 
7.80 
6.85 
7.65 
9.46 
8.90 

98.77 

25 

98.54 

28 

96.19 

27 

99.23 

28 

99.39 

29 

101.24 

30 

101.36 

31 

99.59 

32 

99.05 

Coal  Measures. 


MissisBippian. 


Ordovician  and 
Cambrian. 


Lower  Cretace- 
ous (Tusra- 
looea). 


1.  Dark-yellow  sbale  from  Coal  Men-siires.  W.  H.  Oraves,  near  Birmingbam,  Jeffer^ 
son  County. 

2.  Ligbt-gray  shale  from  same  locality. 
3-5.  Fire  clay,  near  Valley  Head,  Dekalb  County. 

6.  Cbina  clay,  Eureka  mines,  Dekalb  County. 

7.  China  clay,  Kock  Run,  Cherokee  County  (Dykes  ore  bank). 

8.  Fire  clay.  Rock  Run,  Cherokee  ('ounty. 

9.  Pottery  clay.  Rock  Run.  Cherokee  County. 

10.  China  clay,  J.  R.  Hughes,  Gadsden.  Etowah  County. 

11.  Stoneware  clav,  Blount  Count  v. 

12.  Stevens,  fire  clay,  Oxanna.  Calhoun  County;  probably  too  much  free  sand. 
'18.  Stoneware  clay,  Coosada,  Elmore  County. 

14.  Pottery  clay,  McLean's,  near  Edgewood.  Elmore  County. 
16.  Stoneware  clay.  Chalk  Bluff,  Elmore  County. 

16.  Fire  clay,  Wood.stock.  Bibb  County. 

17.  Fire  clay,  BibbviUe,  Bibb  County. 

18.  Fire  clay.  Hulls  Station,  Alabama  Great  Southern  Railroad,  Tuscaloosa  County. 

19.  Pottery  clay,  H.  H.  Cribbs,  Alabama  Great  Southern  Railroad,  Tuscaloosa  County, 
ao.  Pottery  clay,  J.  C.  Bean.  Mobile  and  Ohio  Railroad.  Tuscaloosa  County. 

21.  Fire  clay,  J.  C.  Bean,  Mobile  and  Ohio  Railroad,  Tuscaloosa  County. 
<  22.  Stoneware  elay,  Roberts's  mill.  Pickens  County. 

23.  Pottery  clay,  Cribb's  place,  Lamar  County. 

24.  Stoneware  clay,  H.  Wiggins,  Fayette  County. 
25-26.  Pottery  clay,  W.  Doty,  Fayette  County. 

27.  Blue  clay,  railroad  cut  near  Glen  Allen.  Marion  County. 

28.  China  clay,  Briggs  Frederick,  Marlon  County. 

29.  Pottery  clay,  10  miles  southwest  of  Hamilton,  Marion  County. 

30.  Pottery  clay,  Thomas  Rollins,  Franklin  County. 

81.  Pottery  clay.  J.  W.  Williams,  Pegram,  Colbert  County. 
,82.  China  clay,  Pegram,  Colbert  County. 
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The  raw  materials  suitable  for  the  manufacture  of  Portland  cement 
which  occur  in  central  and  southern  Alabama  are  argillaceous  lime- 
stones, pure  limestones,  and  clays. 

The  limestones  valuable  as  cement  materials  occur  mainly  at  two 
horizons,  viz,  in  the  Selma  chalk  or  Rotten  limestone  of  the  Cretaceous, 
and  in  the  St.  Stephens  formation  of  the  Tertiary.  The  cla3^s  available 
are  the  residual  clays  derived  from  the  decomposition  of  these  two 
limestone  formations,  the  stratified  clays  of  the  Grand  Gulf  formation, 
and  the  alluvial  clays  occurring  in  the  river  and  creek  bottoms.  It  is 
possible  that  later  investigation  may  show  that  some  of  the  other 
stratified  clays  of  the  Cretaceou!^  and  Tertiary  formations  are  suitable 
for  cement  making,  and  this  is  especially  likely  to  be  the  erase  with 
the  clays  of  the  lowermost  Cretaceous  or  Tuscaloosa  formation. 
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SELMA  CHALK  OR  ''ROTTEN  LIMESTONE." 
GEOLOGIC  HOBIZON. 


The  Cretaceous  system  in  Alabama  is  susceptible  of  classification 
into  four  divisions.  These  are,  in  ascending  order,  the  Tuscaloosa, 
the  Eutaw,  the  Selma  chalk,  and  the  Kipley. 

The  Tuscaloosa  is  of  fresh-water  origin  and  is  made  up  in  the  main 
of  sands  and  cla3\s  in  many  alternations.  In  places  the  clays  occur  in 
deposits  of  sufficient  size  and  of  such  a  degree  of  purity  as  to  make 
them  of  commercial  value.  The  Eutaw  is  of  marine  origin  and  is  com- 
posed of  more  or  less  calcareous  sands  and  clays,  but  nowhere  shows 
beds  of  limestone  properl}'^  so  called.  The  Selma  chalk  is  of  marine 
origin  and  is  composed,  in  part  at  least,  of  the  microscopic  shells  of 
Foraminifera.  This  formation,  throughout  the  western  part  of  the 
belt  covered  by  it  in  Alabama,  is  about  1,000  feet  in  thickness,  and  is 
made  up  of  beds  of  chalky  and  more  or  less  argillaceous  limestone.  In 
a  general  way  it  may  be  said  that  the  lower  and  upper  thirds  of  the 
formation  contain  25  per  cent  or  more  of  clayey  matters  mixed  with 
the  calcareous  material,  while  the  middle  third  will  hold  less  than  25 
per  cent  of  these  clayey  impurities.  The  Ripley,  like  the  preceding, 
is  a  marine  formation,  in  which,  generally,  the  calcareous  constituents 
predominate,  but  in  places  it  contains  sandy  aiid  clayey  beds. 

From  this  summary  it  will  be  seen  that  the  Selma  chalk  is  the  only 
one  of  the  Cretaceous  formations  in  Alabama  which  offers  limestone  in 
such  quantity  and  of  such  composition  as  to  be  fit  for  Portland  cement 
material. 

LITHOLOGIC   DB8CRIPTI0N. 

As  has  been  stated  above,  the  Selma  chalk  is  a  calcareous  formation 
throughout  its  entire  thickness  of  about  1,000  feet.  The  rock,  how- 
ever, varies  in  composition  between  somewhat  wide  limits;  for  this 
reason  three  divisions  may  readily  be  distinguished.  The  rock  of  the 
upper  division  is  highly  argillaceous,  holding  25  per  cent  or  more  of 
clayey  matters;  portions  of  it  are  composed  of  calcareous  clays  or 
marls  rather  than  limestone,  and  in  these  beds  are  found  great  num- 
bers of  fossils,  mainly  oysters.  Along  Tombigbee  River  these  beds 
make  the  bluffs  from  Paces  Landing  down  nearly  to  Moscow,  and  on 
the  Alabama  they  form  the  banks  of  the  river  from  Elm  Bluff  down 
to  Old  Lexington  Landing.  The  strata  exhibited  in  these  bluffs  con- 
sist of  dark-colored,  fossiliferous,  calcareous  clays  alternating  with 
lighter-colored  and  somewhat  more  indurated  ledges  of  purer,  less 
argillaceous  rock.  At  Elm  Bluff,  which  is  about  125  feet  high,  the 
upper  half  of  the  bluff  is  of  this  character.  The  lower  half  of  the 
bluff  is  composed  of  rock  more  uniform  in  composition  and  freer  from 
cla3%  and  is  the  top  of  the  middle  part  of  the  Selma  formation,  which  is 
made  up  of  limestone  of  more  uniform  character,  containing 'gener- 
ally less  than  25  per  cent  of  clayey  material. 
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In  this  middle  division  of  the  Selma  formation  the  fossils  are  rarer 
than  in  either  of  the  others,  oysters  and  anomias  being  the  most  com- 
mon forms.  This  variety  of  the  rock  forms  the  bluffs  along  Alabama 
River  from  Elm  Bluff  up  to  Kings  Landing.  It  is  seen  in  its  most 
typical  exposure  at  White  Bluff,  where  it  is  at  least  200  feet  in  thick- 
ness and  makes  on  the  right  bank  of  the  river  an  almost  perpendicular 
bank.  On  Tombigbee  River  it  extends  from  near  Bartons  Bluff  past 
Demopolis  up  to  Areola  and  Hatchs  Bluff.  Its  lowermost  beds,  a 
compact  limestone  of  great  purity,  form  the  upper  parts  of  Bartons 
and  Hatchs  bluffs.  On  Little  Tombigbee  River  the  same  rock  makes 
the  celebrated  bluffs  at  Bluffport  and  at  Jones  Bluff  (Epes),  beyond 
which  for  several  miles  it  is  shown  along  the  stream. 

Judging  from  the  width  of  its  outcrop,  this  division  of  the  Selma 
chalk  must  be  about  300  feet  in  thickness.  It  underlies  the  most  fer- 
tile and  typical  "  prairie  "  lands  of  the  South.  At  intervals  through- 
out this  region  the  limestone  rock  appears  at  the  surface  in  what  are 
known  as  '^  bald  prairies,"  so  named  from  the  fact  that  on  these  spots 
there  is  no  tree  growth.  The  disintegmtion  and  leaching  out  of  the 
limestone  leaves  a  residue  of  yellowish  clay,  which  accumulates  some- 
times to  a  thickness  of  seveml  feet  in  low  places.  This  clay  is  used  at 
the  Demopolis  plant  in  the  manufacture  of  cement,  and  in  most  locali- 
ties where  suitable  limestone  is  found  the  clay  is  present  in  sufficient 
quantity  to  supply  the  needs  of  the  cement  manufacturer. 

At  the  base  of  this  middle  division  occurs  a  bed  consisting  of  several 
ledges  of  compact,  hard,  pure  limestone,  which  weathers  into  curious 
shapes,  and  has  received  the  names  horse-bone  rock  and  b6red  rock. 
This  bed,  as  above  mentioned,  appears  at  the  top  of  Hatchs  Bluff;  also 
at  Areola  Bluff,  and  between  Demopolis  and  Epes,  at  Jordans  Ferry, 
and  other  places.  Where  it  outcrops  across  the  country  it  makes  a 
ridge  easily  followed  and  characterized  by  the  presence  on  the  surface 
of  loose  fragments  of  the  limestone. 

The  lower  part  of  the  formation,  like  the  upper,  is  composed  of 
clayey  limestone,  in  many  places  being  rather  a  calcerous  clay.  The 
color  is  dark  gray  to  bluish,  and  in  most  exposures  there  is  a  striping 
due  to  filternate  bands  of  lighter-colored,  purer  limestone.  Along 
Alabama  River  the  strata  of  this  division  are  seen  in  the  bluffs  from 
Kings  Landing  up  to  Selma  and  beyond.  On  Warrior  River  they  are 
seen  in  the  bluffs  at  Areola,  Hatchs,  Millwood,  and  Erie,  in  the  last- 
named  locality  occupying  the  upper  part  only  of  the  bluff.  On  the 
Tombigbee,  the  bluffs  at  Gainesville,  Roes,  and  Kirkpatricks  are 
formed  mainly  of  the  rocks  of  this  division,  w.hile  above  Roes,  at 
Jordans,  occurs  the  line  of  junction  with  the  middle  division.  Near 
this  line  of  division  a  very  characteristic  feature  is  seen  at  many 
points.  About  10  or  15  feet  below  the  hard  ledges  of  pure  limestone 
forming  the  base  of  the- middle  division  the  dark-colored  argillaceous 
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rock  shows  a  tendency  to  flake  off  and  weather  into  caves,  sometimes 
several  feet  deep  and  20  feet  or  more  in  length.  These  holes  extend 
in  some  places  for  great  distances  along  the  bluffs,  as  on  Alabama 
River  just  above  Kings  Landing,  on  the  Tombigbee  below  Roes  Bluff, 
and  at  Jordans  Ferry.  The  outcrop  of  the  argillaceous  rocks  of  this 
division  gives  rise  to  black  prairie  soils,  in  which  beds  of  fossil  shells, 
mainly  oysters,  are  common. 

It  has  been  suggested  that  the  argillaceous  rocks  of  this  and  the 
uppermost  division  could  be  mixed  with  the  purer  limestone  of  the 
middle  division  in  such  proportions  as  to  constitute  a  good  cement 
material.  In  this  case  it  would  be  easy  to  select  localities  near  the 
junction  of  the  two  divisions  where  both  varieties  of  the  rock  could  be 
quarried,  if  not  in  the  same  pits,  at  least  in  pits  closely  adjacent.  This 
would  do  away  with  the  need  of  adding  other  clay  to  the  limestone. 
L#ocalities  of  this  sort  would  be  found  along  the  borders  north  and 
south  of  the  belt  of  outcrop  of  the  white  Demopolis  rock. 

DISTBIBITTION  OF  8ELMA   CHALK. 

The  general  characters  of  the  rocks  of  this  formation  have  been 
mentioned  above,  and  it  remains  to  give  details  of  the  special  localities 
examined,  together  with  analyses  of  the  limestones  collected.  In 
making  the  collections  material  from  the  middle  division  has  been  gen- 
erally chosen,  since  most  of  the  limestone  of  the  formation  which 
contains  75  per  cent  or  more  of  carbonate  of  lime  is  to  be  found  in 
this  division.  At  the  same  time  specimens  of  the  more  argillaceous 
material,  especially  of  the  lower  division  of  the  formation,  have  been 
taken  for  comparison  and  analysis,  in  order  to  ascertain  whether  it 
will  be  pmcticable  to  provide  a  cement  mixture  by  using  the  proper 
proportions  of  the  purer  and  more  argillaceous  materials. 

Inasmuch  as  suitable  material  for  cement  manufacture  can  be  had  in 
practically  unlimited  quantity  all  along  the  outcrop  of  the  purer  lime- 
stone of  the  middle  division,  the  location  of  the  plants  for  the  manu- 
facture of  this  product  will  be  determined  by  other  considerations 
than  the  quality  of  the  rock.  Chief  among  these  will  be  facilities  for 
transportation,  cheapness  of  fuel,  and  cost  and  abundance  of  labor. 
Examinations  have  consequently  been  confined  to  those  localities 
which  appear  to  be  most  favorably  situated  in  these  respects,  and 
especially  to  those  localities  which  are  on  navigable  streams  or  on 
north-south  railroad  lines,  or  on  both. 

The  first  place  considered  on  Tombigbee  River  is  Grainesville,  where 
the  limestone,  30  to40  feet  thick,  appears  on  the  river  bluff  beneath  a 
heavy  covering  of  sands  and  pebbles.  A  short  distance  from  the 
river,  however,  the  rock  outcrops  at  the  surface  and  may  be  quarried 
without  difficulty.  Specimens  taken  from  the  different  pai"ts  of  the 
bluff  near  the  ferry  show  the  composition  of  the  limestone  here  (see 
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analyses  1,  2,  3^  and  4,  p.  82).  Other  specimens  are  from  the  Rob- 
erts place,  3  miles  east  of  Gainesville,  one  of  which  was  taken  from 
the  top  of  a  30-foot  blujff,  others  from  the  surface  1  mile  and  5  miles 
from  the  river  (analyses  5  and  6). 

At  Jones  Bluff,  on  the  Tombigbee,  near  Epes  station,  on  the  Ala- 
Imma  Great  Southern  Railroad,  white  limestone  of  remarkably  uni- 
form  composition  shows  along  the  river  bank  for  a  distance  of  a  mile 
or  so,  with  an  average  height  of  perhaps  60  feet.  Here  the  bare 
rock  forms  the  surface,  so  that  there  would  be  no  overburden  to  be 
removed  in  quarrying.  The  railroad  crosses  the  river  at  this  locality, 
which  thus  has  the  advantage  of  both  rail  and  water  transportation. 
From  the  lower  end  of  this  exposure  down  to  Bluffport  the  white 
rock  is  seen  at  many  points — e.  g.,  below  Lees  Island,  Martins  Ferry, 
Braggs,  etc.  It  generally  has  a  capping  of  15  to  20  feet  of  red  loam 
and  other  loose  materials. 

Specimens  have  been  analyzed  from  Epes  and  Hillmans  (analyses 
7,  8,  and  9,  p.  82). 

At  Bluffport  the  white  rock  in  places  forms  a  bluff  100  feet  or  more 
in  height  along  the  right  bank  of  the  river  for  a  distance  of  a  mile 
or  more.  This  is  the  counterpart  of  Jones  Bluff,  above  mentioned, 
and  the  character  of  the  material  is  shown  by  analysis  10,  page  82. 
As  at  Epes*,  the  rock  extends  up  to  the  surface,  so  that  quarrying 
would  be  attended  with  little  or  no  difficulty.  .  Below  the  Bluffport 
bluffs  the  easterly  course  of  the  river  brings  it  into  the  territory  of 
the  lower  strata  of  the  formation,  and  the  white  rock  does  not  appear 
again  below  Jordans  Ferry,  except  in  thin  patches  at  tops  of  some  of 
the  bluffs.  The  character  of  the  material  of  these  lower  beds  may  be 
seen  from  the  analyses  of  specimens  taken  from  Jordans  and  Belmont 
and  Roes  Bluff,  Nos.  11,  12,  13,  and  14.  The  two  specimens  from  the 
last- named  locality  represent  the  composition  of  the  prevailing  dark- 
colored  argillaceous  rock  and  of  the  lighter-colored  ledges. 

At  Demopolis  there  is  an  important  occurrence  of  the  white  rock 
extending  along  the  left  bank  from  a  mile  above  the  landing  to  about 
2  miles  below,  with  average  height  perhaps  of  40  or  50  feet.  The 
rock  is  remarkably  unifoim  in  appearance  and  probably  in  composi- 
tion (analysis  30,  p.  83).  At  McDowells  the  main  bluff  is  on  the 
right  bank  and  the  rock  is  of  great  purity,  as  shown  by  analysis  16. 
The  exposures  continue  down  to  Paces  Lianding,  9  miles  below  Demop- 
olis, and  beyond  this  the  bluffs  are  much  darker  in  color  and  striped 
with  lighter  bands,  characteristic  of  the  strata  of  the  upper  part  of 
the  formation.  Thence  down  nearly  to  Moscow  occur  the  exposures 
of  these  upper  beds. 

Above  Demopolis  at  Areola  and  Hatchs  Bluff  the  bluish  clayey  lime- 
stones of  the  Selma  division  are  seen  in  force,  with  the  lowermost 
ledges  of  the  middle  division — the  horse-bone  rock — capping  them. 
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Two  analyses  of  these  varieties  at  Hatchs  will  show  well  the  coi^trast 
in  their  chemical  composition  (analyses  19  and  20,  p.  82). 

From  Demopolis  eastward  the  line  of  the  Southern  Railway  is 
located  on  the  outcrop  of  this  white  rock,  at  least  as  far  as  Massillon, 
where  it  passes  into  the  territory  of  the  lower  or  Selma  division. 
Two  miles  from  Demopolis  on  this  road  is  the  cement  manufacturing 
plant  of  the  Alabama  Portland  Cement  Company,  with  six  kilns  in 
place.  The  quarry  is  on  the  opposite  side  of  the  railroad  track  from 
the  kilns,  but  only  a  few  hundred  feet  distant.  The  clay  used  is 
residual  clay  derived  from  the  decomposition  of  the  limestone,  and  is 
obtained  from  the  river  bank  a  few  yards  away.  The  composition  of 
the  rock  and  of  the  clay  iised  in  the  manufacture  is  shown  by  analyses 
15,  18,  46,  100.  A  specimen  taken  from  Knoxwood  station,  between 
the  cement  works  and  Demopolis  station,  shows  similar  composition 
(analysis  17).  The  analyses  given  (61,  63,  p.  84)  show  the  chemical 
character  of  the  cement  manufactured  at  Demopolis. 

At  Van  Dorn  station  the  white  rock  outcrops  in  the  fields  over 
considerable  territory,  and  just  east  of  the  station  there  is  a  deep  cut 
through  it.  Analyses  from  about  Van  Dorn  show  sufficiently  well 
the  character  of  the  material  at  these  points  (analyses  21,  22,  47,  48, 
49,  50,  51,  52). 

About  Union  town  the  bare  rock  is  exposed  at  numerous,  points,  and 
the  advantages  of  this  place  for  the  location  of  manufacturing  plants 
seem  to  be  very  great*  Specimens  have  been  taken  from  the  Brad- 
field  and  Shields  places,  west  of  the  town,  from  the  Pitts  place  east 
of  it,  and  from  a  point  south  of  the  town  along  the  McKinley  road. 
Other  specimens  have  come  from  plantations  near  the  road  for  several 
miles  eastward  and  the  analyses  are  appended  (analyses  23,  24,  25,  26). 

The  composition  of  the  residual  clay  overlying  the  limestone  at  the 
Pitts  home  place  is  shown  by  analysis  55.  South  of  Massillon,  near 
the  crossing  of  the  Southern  and  the  Louisville  and  Nashville  railroads, 
in  the  vicinity  of  Martins  station,  the  white  rock  shows  in  numerous 
exposures  through  the  fields,  making  a  country  somewhat  similar  to 
that  about  Uniontown.  At  many  points  the  rock  has  no  overburden 
and  is  admirably  adapted  to  cheap  quarrying.  On  the  banks  of  Bogue 
Chitto  Creek,  near  Martins  station,  on  the  Milhous  place,  the  rock  is 
exposed  in  a  bluff  with  a  bed  of  plastic  clay  overlying,  but  here  it  is 
below  a  considerable  thickness  of  red  loam  and  sands  of  the  Lafayette 
formation.  The  character  of  the  rock  at  Milhous  station,  west  of 
Martins,  may  be  seen  from  analysis  27. 

The  same  rocks  make  the  great  bluff  of  White  Bluff,  on  Alabama 
River.  Specimens  were  selected  from  this  bluff  at  two  points — one 
about  halfway  down  the  bluff,  the  other  20  feet  lower.  Genemlly 
there  is  a  capping  of  the  red  loam  and  sands  of  the  Lafayette  over  the 
limestone,  but  near  the  upper  end  of  the  bluff  the  white  rock  extends 
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to  the  summit,  where  it  has  a  capping  of  plastic  clay  only.  The  char- 
ai'ter  of  the  limestone  from  this  locality  is  shown  in  analyses  28  and  29. 

At  Elm  Bluff,  as  has  already  been  shown,  the  upper  and  middle 
divisions  of  the  formation  are  in  contact.  At  Kings  Bluff  the  middle 
and  lower  parts  of  the  formation  are  in  contact.  At  the  other  bluffs 
of  the  river  between  Kings  Landing  and  Selma  the  rock  of  the  lower 
division  is  exhibited.  No.  31  is  an  analysis  of  the  material  as  exposed 
at  Cahaba;  No.  53  of  the  river  bluff  at  the  steamboat  landing  in  Selma, 
and  No.  32  at  Benton. 

To  summarize:  From  Demopolis  eastward  along  the  line  of  the 
Southern  Bailwa}',  by  Van  Dorn,  Gallion,  Uniontown,  Massillon,  and 
thence  by  Martins  and  Milhous  stations  to  White  Bluff,  the  white  or 
Demopolis  type  of  rock  appears  at  the  surface  in  clean  exposures  at 
almost  innumerable  points,  either  immediately  on  the  railroad  or  at 
a  very  short  distance  from  it.  So  far  as  the  quality,  quantity,  and 
accessibility  of  the  limestone  are  concerned,  manufactories  of  cement 
might  be  located  almost  anywhere  in  this  territory.  From  Demopolis 
westward  the  same  conditions  prevail  up  the  river  to  Epes,  and  thence 
to  Gainesville,  beyond  which  point  the  white  rock  is  to  the  west  of 
the  river  at  greater  or  less  distance. 

E^t  of  Alabama  River  the  outcrop  of  the  cement  rock  is  crossed 
by  the  Louisville  and  Nashville  Railroad  (Repton  branch),  as  before 
stated,  between  Berlin  and  Pleasant  Hill  stations.  At  Benton,  on 
Alabama  River  and  on  the  i*ailroad,  the  limestone  has  the  composition 
shown  by  analysis  32. 

On  the  Montgomery  and  Selma  road,  at  the  crossing  of  Pintlala 
Greek  near  Manack  station,  the  limestone  is  exposed  in  the  creek 
banks  and  in  the  open  fields,  often  with  little  or  no  overburden.  On 
page  83  is  given  an  analysis  of  a  specimen  from  the  fields  along  the 
wagon  road  (No.  33)  and  from  the  creek  bank  (No.  34). 

On  the  main  branch  of  the  Louisville  and  Nashville  Railroad  the 
white  rock  shows  between  the  city  and  McGhees  switch,  and  an 
analysis  of  a  specimen  from  McGhees  is  given  (No.  35). 

Examinations  have  not  been  carried  beyond  Montgomery,  but  it  is 
known  that  the  white  prairie  rock  is  crossed  by  the  Central  of  Georgia 
Railroad  between  Matthews  and  Fitzpatrick  stations,  and  there  seems 
to  be  no  doubt  that  along  this  stretch  of  the  road  suitable  rock  will 
be  found  convenient  to  the  line. 

ST.  STEPHENS  OR  VICKSBURG  LIMESTONE, 
GENERAL   DESCRIPTION. 

The  St.  Stephens  or  White  limestone  formation  of  the  Alabama 
Tertiary,  which  includes  the  uppermost  of  the  Eocene  strata,  is  in 
general  equivalent  to  the  Vicksburg  and  Jackson  limestones  of  the 
Mississippi  geologists. 

In  Alabama  St.  Stephens  exhibits  three  rather  well-defined  phases, 
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which,  in  de.si*ending  order,  are  (1)  the  Upper  or  Salt  Mountain  divi- 
sion, olKserved  at  one  locality  only  in  Clarke  County,  (2)  the  Middle 
or  St.  Stephens  division,  and  (3)  the  Lower  or  Jackson  division.  Of 
these  it  is  only  the  St.  Stephens  limestone  with  which  we  are  here 
concerned,  since  the  first  is,  as  far  as  known,  restricted  to  one  locality, 
and  the  third  is  seldom  exposed  along  Alabama  rivers  and  railroads. 
The  following  section  of  St.  Stephens  Bluff,  Tombigbee  River,  will 
give  an  idea  of  the  strata  of  this  division: 

Section  of  St.  Stephens  Bluff. 

Feet 

1.  Red  residual  clay 1  to  6 

2.  Highly  foesiliferous  limestone  hold  inginainly  oysters,  and  full  of  holes, 

due  to  unequal  weathering 10  to  12 

3.  Orbitoidea limestone  (chimney  rock),  a  soft,  nearly  uniform  porous  lime- 

stone, making  smooth  perpendicular  faco  of  the  bluff  except  where 
bands  of  harder  limestone  of  very  nearly  similar  composition  alternate 
with  the  softer  roc^k.  Both  varieties  hold  great  numbers  of  the  circu- 
lar shells  of  Orhitoides  mantelU,  These  harder  ledges  are  nearly  pure 
carbonate  of  lime,  take  a  good  polish,  and  are  often  burned  for  lime. . .  60 

4.  Immediately  below  3,  for  5  or  6  feet,  the  strata  were  not  visible,  being 

hidden  by  the  rock  falling  from  alx)ve,  but  the  si>ace  seems  to  be  occu- 
pied by  a  bluish  clay.  Then  follows  a  soft  rock  somewhat  of  same 
consistency  as  No.  3  above,  but  containing  a  good  deal  of  greensand. 
The  fossils  are  mostly  oysters  and  Plagiostoma  dumasa.  This  l>ed  is  in 
places  rather  indurated  sui>erficially,  and  forms  projecting  ledges 10  to  15 

5.  Bluish  clayey  marl  with  much  greensand,  containing  the  same  fossils  as 

No.  4.     It  washes  or  caves  out  from  under  No.  4,  which  overhangs  it..    4  to  5 

6.  Massive  joint  clay,  yellow  on  exposeil  surface,  blue  when  freshly  broken; 

no  fossils  observed.  Extends  below  the  water  level  to  unknown 
depth;  exposed 3  to  4 

The  rock  of  this  formation,  which  seems  to  be  the  best  suited  for 
cement  material,  is  the  soft  ''chimney  rock"  or  Orbitoides  limestone 
of  bed  No.  3  above.  This  is  usuall}^  quarried  for  chimneys  and  other 
constructions  by  sawing  it  out  and  dressing  it  down  with  a  plane  into 
blocks  of  suitable  size,  which  are  then  laid  like  brick. 

The  numerous  analyses  given  below  will  show  that  this  rock  is  a 
purer  limestone  than  most  of  the  material  of  the  Selma  chalk  of  the 
Cretaceous  formation  above  considered.  In  cement  making  it  will,  in 
consequence,  require  a  larger  proportion  of  clay  to  be  mixed  with  it, 
and  the  question  of  obtaining  suitable  clay  in  sufficient  quantity  and 
in  close  proximity  l>ecomes  one  of  some  importance.  The  residual 
clay  left  after  decomposition  and  leaching  of  the  limestone  seems  to 
be  fairly  well  adapted  to  the  purpose.  Besides  this  residual  clay  some 
analyses  have  been  made  of  the  clays  of  the  river  and  creek  bottoms 
of  the  country  near  the  limestone  outcrops,  and  of  the  clays  of  the 
Grand  Gulf  formation,  which  very  generally  in  this  section  overlies 
the  limestone.  Some  analjses  of  the  last-named  clays  have  been  made 
from  material  occurring  near  St.  Stephens,  and  near  Manistee  June- 
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tion  on  the  Reptcm  Branch  of  the  Louisviile  and  Nashville  Railroad. 
At  thiH  last-named  loi*.aIity  the  clay  is  present  in  sufficient  quantity  to 
l>e  of  value  if  the  composition  is  suitable. 

DIOTKIBUTION   OF  RT.  8TBPHEN8   LIMEHTONE. 

The  bluff  at  St.  Stephens,  a  section  of  which  has  been  given,  is 
typical  of  the  formation  everywhere.  Here  the  whole  of  the  soft 
orbitoidal  limestone  or  ^'chimney  rock"  might  be  used,  as  the  com- 
position is  uniform  throughout.  The  overlying  harder  limestone  has 
almost  the  same  composition,  but  it  is  less  easily  crushed  and  worked. 
It  may  be  quarried  here  from  the  surface  down,  as  it  is  covered  only 
by  a  thin  layer  of  residual  clay.  The  characters  of  the  limestone  and 
of  the  clay  from  here  are  sufficiently  well  shown  by  the  subjoined 
analyses  (36,  56).  The  character  of  the  clay  near  St.  Stephens  at  the 
water  level  (No.  6  of  the  St.  Stephens  section)  is  shown  in  analysis  60. 
Below  St.  Stephens  there  is  deep  water  to  Mobile,  with  the  exception 
of  one  bar,  which  may  be  removed  without  much  trouble  or  expense. 

From  Hobson's  quarry,  just  above  the  Lower  Salt  Works  Landing, 
down  to  Oven  Bluff,  a  distance  of  2  miles,  the  Orbitoides  limestone  or 
chimney  rock  occurs  at  the  base  of  bluffs  of  Tertiary  age. 

At  the  quarry  the  hard  limestone,  which  is  being  taken  up  for  rip- 
rap work,  lies,  as  at  St.  Stephens,  just  above  the  soft  chimney  rock. 
Along  the  stretch  of  river  above  described  this  chimney  lock  is  seen 
in  a  bed  15  or  20  feet  in  thickness,  just  above  the  river  bottom,  and  is 
easily  accessible.  As  regards  cla}^  three  varieties  have  been  examined, 
a  residual  clay  from  over  the  limestone,  a  swamp-bottom  claj  from  the 
low  grounds  of  Leather  wood  Creek,  and  clay  from  strata  of  the  Grand 
Gulf  formation,  which  here  overlies  the  St.  Stephens  limestone.  The 
analyses  of  these  clays  have  not  yet  been  made. 

The  tirst  shoal  in  the  river  above  Mobile  is  a  few  miles  above  Oven 
Bluff,  so  that  from  this  place  down  there  is  a  9-foot  channel  at  all  sea- 
sons, which  will  give  to  Oven  Bluff  a  certain  advantage  over  other 
localities  in  regard  to  transportation.  The  shoal  mentioned  is  one 
which  can  be  removed,  so  that  St.  Stephens  ma}'^  be  classed  with  Oven 
Bluff  as  regards  transportation  by  water,  except  that  the  former  is 
some  miles  farther  from  the  Gulf  than  the  latter. 

Analyses  by  Doctor  Mallett  of  other  specimens  of  this  chimney  rock 
are  given  on  page  83.  No.  43  is  a  clay  from  Colonel  Darrington's 
place,  in  the  lower  part  of  Clarke  County,  near  Gainestown,  and  44 
and  45  are  from  other  localities  in  Clarke  County  near  the  rivers. 

At  Glendon  station,  a  few  miles  east  of  Jackson,  there  is  an  exposure 
of  the  chimney  rock  close  to  the  track.  The  rock  here  is  about  20  feet 
thick,  and  the  limestone  is  covered  by  a  bed  of  rod  residual  clay  sim- 
ilar to  that  at  St.  Stephens  and  Oven  Bluff.  The  same  chimney  rock 
may  be  seen  along  the  road  between  the  station  and  Jackson,  and  no 
doubt  it  occurs  from  Glendon  up  to  Suggsville  station,  within  conven- 
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ient  rea<^h  of  the  railroad.  Near  Sug^ville  station  the  same  rock 
occurs  within  a  short  distance  of  the  railroad  along  the  road  leading 
from  the  station  to  the  town. 

Between  Suggsville  and  Gosport  the  country  rock  is  the  St.  Stephens 
limestone,  but  no  particular  attention  was  given  to  it  for  the  reason 
that  there  is  no  railroad  in  this  vicinity. 

At  Perdue  Hill  the  St.  Stephens  rock  outcrops  near  the  base  of  the 
hills  which  descend  to  the  terrace  on  which  the  town  of  Claiborne 
stands.  The  bluff  at  Claiborne  Landing  shows  near  the  summit  the 
calcareous  clays  or  clayey  limestone  which  lies  at  the  base  of  the  St. 
Stephens  formation,  and  which  is  generally  thought  to  be  the  equiv- 
alent of  the  Jackson  group  of  the  Mississippi  geologists.  It  is  possible 
that  this  rock,  where  it  occurs  in  suflScient  quantity,  may  be  suitable 
for  cement  making,  since  its  composition  is  not  very  different  from 
much  of  the  Rotten  limestone  or  Selma  chalk.  No  investigations  have 
yet  been  made  concerning  it,  for  the  reason  that  there  are  compara- 
tively few  points  where  it  appears  in  adequate  thickness  and  in  favor- 
able localities  as  regards  transportation. 

At  Marshalls  Landing,  just  above  the  mouth  of  Randons  Creek,  is 
the  first  exposure  of  the  chimney  rock  along  Alabama  River.  This 
occurs  at  the  top  of  ,the  bluff.  It  has  the  usual  covering  of  residual 
clay.  Below  the  orbitoidal  or  chimney  rock  at  Marshalls  there  are  20 
feet  or  more  of  a  porous  limestone.  In  the  same  bluff  there  are  beds 
of  calcareous  clay,  which  might  possibly  be  used  in  mixing  with  the 
limestone.  At  the  landing  these  would  be  difficult  to  quarry  because 
of  overlying  strata,  but  they  would  certainly  be  found  without  cover 
along  the  bluffs  above  Marshalls  if  they  should  prove  of  value. 

From  Marshalls  down  to  (Jainestown  Landing  the  river  bluffs  show 
beds  of  the  limestone  at  numerous  points.  At  Gainestown,  the  top- 
most bed  of  the  St.  Stephens,  the  hard  crystalline  limestone  occurs  not 
far  above  the  water  level  in  the  river.  This  stone  has  been  cut  and 
polished,  and  proves  to  be  a  first-rate  marble,  inasmuch  as  it  takes  a 
good  polish  and  shows  agreeable  variations  in  color.  The  soft  chimney 
rock  underlies  the  hard  limestone  here  as  at  other  points. 

At  Choctaw  Bluff,  some  miles  below  Gainestown,  there  is  the  last 
exposure  of  the  Tertiary  limestones  on  this  river.  The  material  is  an 
argillaceous  limestone  with  numerous  fossils,  but  it  seems  hardly  likelj'^ 
to  be  of  use  in  clement  making.  / 

A  few  miles  east  of  Marshalls  Landing,  at  Manistee  Mills,  the 
terminus  of  a  sawmill  road,  there  is  a  quarry  of  the  chimney  ro<'k 
which  is  conveniently  situated  as  to  transportation,  since  it  is  on  the 
railroad.  Across  the  county  to  the  Repton  Branch  of  the  Louisville  and 
Nashville  Railroad  the  St.  St>ephens  limestone  may,  of  course,  be  found 
at  thousands  of  places,  but  no  mention  is  made  of  these  occurrences 
where  they  do  not  lie  on  a  i*ailroad  line. 
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Below  Monroe  station,  near  Drewry,  on  the  Repton  Branch,  this 
road  crosses  the  line  of  outcrop  of  the  chimne}"  rock,  which  at  a 
number  of  points  in  the  vicinity  of  Drewry  lies  within  easy  reach  of 
transportation. 

A  few  miles  below  Drewry,  at  Manistee  Junction,  there  is  a  fine 
exposure  of  Grand  Gulf  clays  in  railroad  cuts  both  north  and  south  of 
the  station. 

Analysis  is  given  (No.  59,  p.  84)  of  the  clays  from  three  horizons  in 
these  cuts,  from  which  their  suitability  for  admixture  with  the  lime- 
stone may  be  determined. 

The  chimney  rock  may  be  found  at  many  points  below  Evergreen,  in 
the  vicinity  of  Sparta  and  Castleberry  stations.  There  are  many  bluffs 
of  this  rock  on  the  banks  of  Murder  Creek  in  this  vicinity,  and  there  are 
several  quarries  fi'om  which  the  stone  has  been  obtained  for  building 
purposes  within  short  distances  of  the  railroad  line.  At  the  foot  of 
Taliaferros  H'^ights  the  limestone  forms  high  bluffs  on  the  creek,  at 
Ellis  Williams  Spring  there  are  bluffs  with  the  soft  rock  at  the  base 
and  the  hard  horse-bone  rock  at  the  top,  and  on  the  creek  bank  a  few 
hundred  yards  away  is  one  of  the  quarries  mentioned  above.  In  fact, 
the  localities  where  the  rock  may  be  found  within  convenient  distance 
of  the  railroad  and  in  a  position  favorable  to  cheap  quarrying  are 
numerous  in  all  this  region.  No  clays  were  seen  except  the  usual 
residual  clays  from  the  decomposition  of  the  limestone  and  a  clay 
occurring  close  to  Evergreen  in  the  pits  of  Wild  Brothers.  Analyses 
40,  41,  and  42  will  show  sufficiently  well  the  character  of  the  limestone 
in  this  section. 

These  Evergreen  occurrences  have  attracted  attention  because  of 
their  location  on  the  line  of  a  great  railroad  system  within  short  dis- 
tance of  tide  water. 

Farther  east  this  limestone  formation  extends  across  Alabama  and 
into  Georgia  and  Florida,  but  as  there  is  no  north-south  railroad  east 
of  the  Louisville  and  Nashville  at  this  time,  the  investigations  have 
gone  no  further. 

To  summarize:  While  the  St.  Stephens  limestone  outcrops  across 
the  State  from  the  Mississippi  line  to  the  Chattahoochee  River,  often 
occupying  broad  belts,  attention  has  been  cencentrated  on  those  locali- 
ties which  lie  upon  navigabje  streams  or  upon  railroad  lines  terminat- 
ing in  Gulf  ports.  As  compared  with  the  middle  division  of  the  Selma 
chalk,  this  limestone  is  more  uniform  in  composition,  higher  in  lime 
content,  softer  and  more  easily  quarried  and  crushed,  and  in  geograph- 
ical position  many  miles  nearer  the  Gulf.  Its  thickness,  on  the  other 
hand,  is  much  less,  although  sufficient  to  supply  an  indefinite  number 
of  cement  plants  with  raw  material  for  cement. 
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ANALYSES. 
Analyses  of  Cretaceous  and  Tertiary  limestones. 


Locality. 


Gainesville  Bluff,  Tombi^bee 
River,  5  feet  from  top  of  bluff; 
R.  8.  Hodgee,  analyst 

Gainesville  Bluff,  Tombigbee 
River,  lower  part  of  bluff;  R.  S. 
Hodges,  analyist 

Gainesville  limestone;  F.  P. 
Dewey,  analyst 

Gainesville  limestone;  A.  W. 
Dow,  analyst 

Roberts's  place,  near  Gainesville, 
top  of  bluff;  R.  S.  Hodges 

Roberts's  place,  near  Gainesville, 
5  feet  above  water:  R.S.Hwlges. 

Jones  Bluff, at  Epes;  R.  8.  Hodges. 


3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

n. 

12. 
13. 
14. 

«  15. 
16. 
17. 

18. 

19. 

20. 

21. 
22. 
'2;i. 
24. 
25. 
26. 
27. 


Jones  Bluff,  at  Epes;  Doctor  Mal- 
lett 


HIllmansBlnff,  below  ET)e8:  R.6. 
Hodges 

Bluffport     Ferrv.     Tombigbee 
River;  R.  8.  Hodges 


Jordans  Ferry,  Tombigbee  River: 
R.  8.  Hodges 


Belmont  Bluff.  Tombigbee  River; 
R.  S.Hodges 

Roes  Bluff,  Tombigbee  River, 
main  part  of  bluff;  R.  8.  Hodges . 

Roes  Bluff,  Tombigbee  River, 
light -colored  ledges;  R.  S. 
Hodges 


Demopolis.  F.  P.  Dewey;  IJ.  8. 
Mint  analyst 


McDowells  Bluff,  below  Demop- 
olis;  R.  8.  Hodges 


Knox  wood,     near     Demopolis; 
R.  8.  Hodges 


Material  used  in  Demopolis 
Cement  Works;  R.  8.  Honges, 
analyst 

Hatchs  Bluff,  Warrior  River 
above  Demopolis;  main  part 
of  bluff;  R.  S.  Hotlges 

Hatchs  Bluff:  Warrior  River, 
above  Demopolis;  ledges  at 
top  of  bluff;  R.  8.  Hodges 

At  Van  Dorn  station,  from  road- 
side; R.  8.  Hcxlges 

At  Van  Dorn  station,  railroad 
cut  east  of  station :  R.  8.  Hodges. 

Uniontown,  P.  H.  Pitts,  Home 
place;  R.  8.  Hodges 

Uniontown,  P.  H.  Pitts,  Houston 
place;  R.  8.  Hodges 

Uniontown.  P.  H.  I*itts,  Rural 
Hill  place;  R.  8.  Hodges 

Uniontown,  1  mile  south,  on 
McKinley  ro«d;  R.  8.  Hodges.. 

Railroad  cut,  Milhous  station. 
Southern  Railway.  Dallas 
County;  R.  ^.  Hodges 
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AnalyscB  of  Creiaceous  and  Tertiary  limeslones — Continued. 


LocaUtr. 


28.  White  Bluff.  Alabama  River; 
lower  part  of  bluff;  R.  S. 
Hodges 

ao.  DemopoliK.  Tombigbee  River; 
Doctor  Mallett,  analyst 

31.  Limestone  from  Cahaba,  Ala- 

bama River;  Doctor  Mallett, 
aoal  yst 

32.  Limestone  from   Benton,    Ala- 

bama River;  W.  B.  Phillips, 
analyst  .  f 

33.  Limestone  from  Manack  station, 

Lowndes  County;  R.  8.  Hodges. 

84.  Limestone  from  Manack  station; 
B.  B.  Ross,  analyst 

86.  8t.  Stephens  orbitoidal  lime- 
stone, St.  Stephens,  Tombigbee 
River;  R.  S.  Hodges,  anal}'st. . . 

41.  St.    6t«phens    orbitoidal   lime- 

stone, near  Evergreen;  Dr.  W. 
B.  Phillips,  analyst 

42.  St.   Stephens    orbitoidal    lime- 

stone, near  Evergreen;  Dr.  W. 
B.  Phillips,  analyst 

43.  St.  Stephens    orbitoidal   lime- 

stone, Colonel  Darrington's, 
near  Oven  Bluff,  Clarke  Coun- 
ty; Doctor  Mallett,  analyst 

44.  St.   Stephens   orbitoidal    lime- 

stone, Clarke  County,  near  ri  v- 
er;  Doctor  Mallett,  analyst 

45.  St   Stephens   orbitoidal    lime- 

stone, Clarke  County,  near  riv- 
er; Doctor  Mallett,  analyst 

46.  Rock  used  in  Alabama  Portland 

Cement  Works,  Demopolis; 
analysis  sent  in  by  T.  G. 
Cairns,  general  manager 

47.  Limestone    from    property    of 

J.  B.  Komegay,  at  Van  Dom, 
sample  No.  1;  R.  8.  Hodges, 
analyst 

48.  Limestone  from  property  of  J .  B. 

Komegay,  at  van  Dom,  sam- 
ple No.  2:  R.  S.  Hodges,  analyst. 

49.  Limestone  from  property  of  J.  B. 

Komegay,  at  van  Dom;  sam- 
ple No.  8;  R.  S.  Hodges,  analyst. 

60.  Limestone  from  property  of  J.  T. 
Collins,  at  Van  Dom,  sample 
No.  1;  dark  color;  R.  S.  Hodges, 
analyst 

51.  Limestone  from  property  of  J.  T. 

Collins,  at  Van  Dom,  sample 
No.  2;  light  color;  R.  8.  Hodges, 
analyst 

52.  Average  of  three   samples  of 

limestone  from  near  Van  Dorn ; 
L.  H.  Conard,  Demopolis;  R.  S. 
Hodges,  analyst 

58.  Limestone  from  bluff  at  steam- 
boat landing,  Selma;  T.  W. 
Miller,  analyst 
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26.14 
21.81 

31.04 

19.74 
20.90 
13.20 

3.38 

1.26 

2.75 

1.69 
2.44 
4.15 

9.88 

16.74 
13.19 

20.01 

16.92 

11.44 

16.04 
16.11 
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cs-o 
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2.78 
2.23 

2.94 

11.67 
4.06 
9.00 

1.04 

1.72 

2.73 

2.12 

.27 

1.29 

6.20 

2.09 
2.12 

2.93 

2.»i 

l.fiO 

2.46 
11.22 


Lime  carbonate 
(Ca  CO,).     . 

Magnesium  car- 
bon ate  (MgCOj). 

Sulphuric     tri- 
ozide  (SOs) . 

Total  sulphur. 

Water  and  or- 
ganic matter. 

i 

< 

• 

5 

64.26 
75.07 

64.37 

54.83 

0.72 

.79 

5.14 

99.83 

99.14 

....... 

0.85 

4.96 

2.88 

100.07 

67.16 

1.08 

1.01 

6.79 

100.00 

74.26 

« 

92.85 
95.15 

1.46 

1.92 

.65 

.13 
.02 

99.32 

.65 

.11 

99.56 

93.30 

.23 

.02 

.60 

.14 

99.77 

94.84 
94.86 
93.19 

.96 

99.61 

99.18 

1.09 

99.72 

77.12 

1.08 

•.•.*.• 

•...••• 

5.72 

100.00 

77.88 
81.89 

.92 
1.03 

2.37 
1.77 

100.00 

100.00 

73.64 

1.01 

2.41 

100.00 

75.60 

1.7H 

1.10 

1.66 

100.00 

82.61 

1.51 

.90 

2.0'! 

100.00 

81.84 
65.08 

100.34 

2.42 

1.40 

3.37 

99.65 
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Clay  (Cretaceous  and  Tertiary)  and  cement  analyses. 


Number  of  analysis. 


95.  Residual  clay  over  limestone  at  P.  H. 
Pitts's  home  place,  Union  town;  R.  S. 
Hodges,  analyst 

56.  Residual  clay  over  St.  Stephens  lime- 
stone, St.  Stephens  BlufT;  K.  S.  Hodges, 
analyst 

59.  Grand  Gulf  clay,  Manistee  Junction, 

Monroe  County;  T.  W.  Miller,  analyst; 
average  of  bed 

60.  Clay  at  water's  edge.  St.  Stephens  BlufT: 

R.  S.  Hodges,  analyst 

61.  Cement,    manufactured    by  Alabama 

Portland  Cement  Co.,  Demopolis; 
A.  W.  Dow,  United  States  inspector  of 
asphalts  and  cements,  analyst 

62.  Cement    manufactured    by    Alabama 

Portland  Cement  Co.,  Demopolis: 
analysis  from  T.  G.  Cairns,  general 
manager 

63.  Cement    manufactured    by    Alabama 

Portland  Cement  Co.,  Demopolis: 
R.  S.  Hodges,  analsrst 

64.  Residual  clay  overlying  orbitoidal  lime- 

stone. Marshalls  Landing;  R.  S. 
Hodges,  analyst 
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0.99 
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98.66 
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99.72 


99.35 
97.68 


PORTLAND-CEMENT  INDUSTRY  IN  ALABAMA.  ' 

In  the  preceding  section  Doctor  Smith  has  given  a  very  detailed 
account  of  the  character  and  distribution  of  the  cement  materials  of 
Alabama.  It  will  be  noted  that  these  Alabama  deposits,  particularly 
the  chalk  beds  of  the  Cretaceous,  possess  many  economic  advantages 
over  most  of  the  limestones  which  occur  near  the  Atlantic  seaboard. 
These  may  be  briefly  stated  as  follows: 

(1)  The  Selma  chalk  deposits  of  the  Cretaceous  are  in  general  of 
almost  exactly  proper  composition  for  the  manufacture  of  Portland 
cement,  requiring  the  addition  of  little  or  no  clay.  This  correctness 
of  composition  will  materially  reduce  the  cost  of  manufacture.  The 
St.  Stephens  limestone  of  the  Eocene  is  not  so  near  to  ideal  composi- 
tion as  the  Selma  chalk,  but  will  still  prove  to  be  a  very  satisfactory 
cement  material  when  used  in  combination  with  the  overlying  Grand 
Gulf  clays. 

(2)  As  shown  on  the  accompanying  map,  coal  of  good  quality  occurs 
within  a  reasonable  distance  of  the  cement  beds.  As  the  coal  used  in 
boilers  and  kilns  will  amount  to  60  to  70  per  cent  of  the  weight  of 
cement  produced,  a  supply  of  fuel  at  low  prices  is  an  important  ele- 
ment in  the  success  of  a  cement  plant. 

(3)  Labor  is  abundant  and  cheap  in  the  Alabama  cement  district. 
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(4)  In  addition  to  the  local  market  for  cement  furnished  by  such 
cities  as  Atlantti,  Birmingham,  Mobile,  and  New  Orleans,  cement 
plants  located  upon  the  navigable  rivers  of  Alabama  will  be  enabled 
to  place  their  product  at  any  point  on  the  Gulf  or  southern  Atlantic 
seaboard  at  very  low  prices,  owing  to  the  cheapness  of  transportation 
by  water  as  compared  with  the  railroad  freight  rates  which  most  other 
plants  will  be  compelled  to  pay. 

In  view  of  these  advantages  it  seems  reasonable  to  expect  that  in  the 
near  future  Alabama  will  take  high  rank  among  the  States  as  a  pro- 
ducer of  Portland  cement.  At  present,  however,  only  one  plant  is  in 
operation.  This  i&  operated  by  the  Alabama  Portland  Cement  Com- 
pany, and  is  located  about  1  mile  east  of  Demopolis,  Marengo  County, 
on  the  line  of  the  Southern  Railway  Company. 

The  raw  materials  used  are  the  soft  chalky  limestone  of  the  Cretaceous 
and  a  residual  clay,  both  occurring  in  the  immediate  vicinity  of  the 
plant.  Analyses  1  and  2  of  the  following  table  show  the  composition 
of  the  limestone  actually  used  at  the  plant,  while  analyses  3  and  4  are 
from  near-by  localities.  It  will  be  noted  that  the  limestone  actually 
quarried  runs  only  a  little  too  high  in  lime  carbonate  to  make  a  good 
Portland  cement  by  itself.  A  small  amount  of  clay  is  added  to  reduce 
the  lime  to  a  proper  percentage.  No  analyses  of  this  clay  are  at  present 
available. 

Analyses  of  limesUme  from  Demopolis,  Ala, 


8 


} 


2.76 


Silica  (SiO,) ,  12.50 

Alamina  ( Al,Og) 

Iron  oxide  (FejO,) 

Lime  carbonate  (CaCOs) 80.71 

Magnesium  carbonate  (MgCOa) 1. 05 

Sulphur  trioxide  (80s) 1-62 

Total  sulphur  (S) n.d. 

Water 1.36 


9.88 

6.20 

77.12 
1.08 
n.d. 
n.d. 
5.72 


{ 


12.13 
4.17 
3.28 

75.07 

.92 

n.d. 

n.d. 

n.d. 


) 


13.32 

8.74 

73.94 

1.40 

.27 

.64 

n.d. 


1.  Quarry  Alabama  Portland  Cement  Company.    R.  S.  Hodees,  analyst. 

2.  Quarry  Alabama  Portland  Cement  Company.    Sen.  Doc.  No.  19,  58th  Congress,  1st  session,  p.  22. 

3.  Demopolis.    Proc.  Alabama  Industrial  and  Scientific  Soc.,  vol.  5,  p.  44-51. 

4.  Demopolis.    F.  P.  Dewey,  analyst. 
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The  following  analyses  are  of  the  "Red  Diamond"  bmndof  Portland 
cement,  manufactured  at  this  plant: 

Analyses  of  Portland  cement  frmn  DemopoliSf  Ala. 


Silica(SiOg) 

Alumina  ( AljOa) 

Iron  oxide  (Fe,  O,) 

Lime(CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SO,) 

Total  Hulphur(S) 

Water,  etc 


20.54 
8.55 
3.84 

63.85 

.66 

n.  d. 

n.  d. 

1.34 


20. 25 

\  13. 44 

63.60 

1.03 

.41 

.99 

n.  d. 


• 

s 

4 

19.99 

19.91 

13.74 

13.63 

61.36 

63.82 

.61 

.8:^ 

n.d. 

1.16 

n.  d. 

n.d. 

n.d. 

n.d. 

19.56 

12.16 

62.27 
.64 
.54 

n.d. 

n.d. 


1.  Clinker.  F.  W.  Clarke,  analyst. 

2.  Cement.  A.  W.  Dow,  analyst. 

3.  Cement.  Sen.  Doc.  No.  ift,  58th  Congress,  1st  session,  p.  23. 

4.  Cement.  R.  8.  Hodges,  analy.st. 

6.  Cement.  Cement  Directory,  2d  edition,  p.  254. 
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PORTIiAND-CEMENT  RESOURCES  OP  ARIZONA. 

PORTLAND  CEMENT  MATERIALS. 

Little  detailed  information  is  obtainable  concerning  either  the  area! 
distribution  or  the  character  of  Arfzona  limestones.  The  few  analyses 
of  cement  materials  available,  such  as  those  given  in  the  tables  below, 
have  been  made  in  the  course  of  examination  of  isolated  districts. 

The  following  anah\ses  of  limestones  from  the  Bisbee  district  of 
southeastern  Arizona  are  taken  from  Prof.  Paper  U.  S.  Geol.  Survey 
No.  21,  p.  52.  The  analyses  were  made  by  W.  F.  Hillebrand  of 
specimens  collected  by  F.  L.  Kansome. 


KCKBL.] 


ARIZONA. 


87 


Analyses  of  limestmieH  fr(mi  Bisbee  diMriciy  Arizona. 


Silica  (SiO,) 

Alumina  (Al^Os)  .. 
Iron  oxide  (FOjOj) 

Ume(CaO) 

Magnesia  (MgO) . . 


1 

2 

3 

4 

11.80 

12.53 

8.52 

0.06 

2.15 
1.08 

1.04 
1.26 

\      .64 

.12 

45.  86 

27.28  '  50.07 

55. 80 

.48 

17.41 

.55 

.13 

2.52 

.24 

53.68 
.46 


1.  Abrigo  formation,  Cambrian. 

2.  Abrlf  o  formation,  Cambrian. 
8.  Martin  formation,  Devonian. 

4.  Eacabrosa  formation,  Missinippian. 
6.  Naco  fonnation,  Pennsylvanian. 

Though  the  Portland-cement  industry  has  not  been  established  in 
Arizona,  it  seems  probable  that  a  cement  plant,  operated  by  a  Govern- 
ment bureau,  will  be  started  there  during  1905.  This  interesting 
experiment  is  due  to  the  necessity  for  procuring  large  supplies  of 
cement,  at  a  low  price,  for  one  of  the  largest  of  the  projected  irriga- 
tion dams,  to  be  located  in  the  Salt  River  Valley. 

A  number  of  raw  materials  occurring  near  the  dam  site  were  ana- 
lyzed, and  the  results  are  given  in  the  following  table.  Of  the  analyses 
there  quoted,  Nos.  1  and  2  represent  the  limestone  and  Nos.  6  and  7 
the  clay  which  is  to  be  used  at  the  cement  plant.  The  composition  of 
the  limestone  seems  very  good;  that  of  the  clay  is  less  satisfactory, 
and  it  will  probably  be  difficult  to  obtain  a  slow-setting  cement  from  it. 

Analyses  oflimesUnies  and  shales  from  Tovito  dam  site,  Arizona, 


Silica  (SiO,) 3.30 

Alumina  (AljOg) 1     g^ 

Iron  oxide  (Fe,Os) / 

Lime  (CaO) 53.65 

Magnesia  (MgO) 

Alkalies  (K,0,  Na,0)  .... 

Carbon  dioxide  (CO,) 

Water 


.60 
n.  d. 


0.51 


50.60  55.70  51.00     51.90 


.  20  !15. 80  20. 50 


55.56 

.10 

n.  d. 


n.  d.  43.  77 


9.30 
4.07 
n.  d. 
n.  d. 
2.80 


I 


6.61 


n.  d. 

n.  d. 

11.25 


16.  70  I  23.  70 


50. 51     67. 90 
14.63 


00 


3.39 
4.58 
n.  d. 
n.  d. 
20.10 


6. 10  I    6.  77 

.97  I    3.00 

n.  d.   :    5.24 

n.  d. 

13.40 


|l3. 


30 


.97 
n.  d. 
n.  d. 


{ 


1.  Limestone  near  dam  site.    E.  Duryee,  analyst.    Water  Supply  Paper  No.  73,  U.  S.  G.  S.,  p.  48. 

2.  Limesume  near  dam  site.    U.  S.  Geol.  Survey  Labomtory,  analyst,    ibid.,  p.  49. 

3.  Shale  near  dam  site.    £.  Durv'ee,  analyst.    Ibid.,  p.  48. 

4.  Clay  1  mile  from  dam  sito.    E.  Durvee,  analyst.    Ibid. 

6.  Clay  from  Sallie  May  Canyon.    E.  t>uryee,  analvi^t.    Ibid. 

6.  Clay  3  miles  north  of  dam  site.    E.  Duryee,  analyst.    Ibid.  * 

7.  Clay  3  miles  north  of  dam  site.    U.  S.  Geol.  Survey  Laboratory,  nnalyst.    Ibid.,  p.  49. 

8.  Shale  from  canyon  below  dam  site.    £.  Duryee,  analyst.    Ibid.,  p.  48. 
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A  number  of  samples  of  limestone  from  various  points  along  or  near 
Gila  River,  near  projected  dams  for  irrigation  purposes,  were  exam- 
ined by  Mr.  E.  Duryee,  with  a  view  to  determining  their  value  as  Port- 
land-cement materials.    These  analyses  are  given  in  the  following  table: 

Analyses  of  limestone  near  Gila  Rivera  Arizona. 
[E.  Duryee,  analyst.] 


Silica  (SiOj) |      1.4 

Alumina  (AljOs) 1     ^  o 

Iron  oxide  (FejO,) / 

Lime  carbonate  (CaCOj) 96.65 

Maf?nesium  carbonate  ( MgCOg) 


Water 


.65 


3.7 

6.0 

55.92 

31.00 

1.00 


4.7 


1.4 


93.10 


4.1 


5.8 


90.10 


34.6 


1.3 


55.50 


•  1,  San  Carlos,  gray. 

2.  San  Carlos,  pink. 

3.  Riverside,  blue. 

4.  Queen  Creek,  blue. 

5.  Queen  Creek,  gray. 

BIBLIOGRAPHY  OF  CEMENT  RESOURCES  OF  ARIZONA. 

Davis,  A.  P.,  and  Duryee,  E.  Tests  of  cement  materials  from  Salt  River,  Arizona. 
Water  Supply  and  Irr.  Paper  U.  S.  Geol.  Survey  No.  73,  pp.  4&-51.     1903. 

Duryee,  K.  Tests  of  cement  materials  from  Gila  River,  Arizona.  Water  Supply 
and  Irr.  Paper  U.  S.  Geol.  Survey  No.  83,  pp.  82-90.     1900. 

Duryee,  E.  Cement  investigations  in  Arizona.  Bull.  U.  S.  Geol.  Survey  No.  213, 
pp.  372-380.     1903. 

Ransome,  F.  L.  Geology  of  the  Globe  copper  district,  Arizona.  Prof.  Paper  U.  S. 
Geol.  Survey  No.  12.     168  pp.     1903. 

Ransome,  F.  L.  Geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona. 
Prof.  Paper  U.  S.  Geol.  Survey  No.  21.     168  pp.     1904. 

PORTIiAND-CEMENT  RESOUBCES  OF  ABKAXSAS.a 

PORTLAND-CEMENT  MATERIALS. 

A  number  of  limestone  formations  occur  in  Arkansas,  six  of  which 
seem  to  be  worth  considering  as  possible  sources  of  cement  materials. 
The  limestones  which  will  be  described  are  the  following: 

Geologic  6ge. 

Izard  limestone Ordovician 

Polk  Bayou  limestone Ordovician 

St.  Clair  limestone Silurian 

Boone  limestones Mississippian  (Lower  Carboniferous) 

Pitkin  or  Archimedes  limestone Mississippian  (Lower  Carboniferous) 

White  Cliffs  chalk Cretaceous 

Saratoga  chalk Cretaceous 

a  The  Silurian  and  Carboniferous  limestones  are  discussed  by  T.  C.  Hopkins  in  a  report  on  the  mar- 
bles and  other  limestones  of  Arkansas,  published  as  Vol.  IV  of  the  Report  Arkansas  Geol.  Survey  for 
1890.  The  Cretaceous  chalks,  as  later  noted,  have  been  described  in  detail  by  J.  A.  Taff,  in  a  report 
issued  by  the  U.  S.  Geol.  Survey.  The  descriptions  of  Arkansas  limestones  Kiven  In  the  following 
pages  are  abstracted  from  the  two  reports  named.  Mr.  E.  O.  Ulrich  has  kindly  furnished  many  data 
concerning  the  Paleozoic  limestones. 
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Southeast  of  a  line  drawn  through  Pocahontas,  Powhatan,  Jackson- 
port,  Searcy,  Little  Rock,  Benton,  Arkadelphia,  Prescott,  and  Tex- 
arkana,  Ark.,  is  covered  by  clays  and  gravels,  and  so  contains 
absolutely  no  materials  for  cement  manufacture.  All  the  limestones 
listed  occur  northwest  of  the  above  line. 

This  distribution  of  cement  materials  is  unfortunate,  because  plants 
working  the  Arkansas  limestones  will  be  brought  into  direct  competi- 
tion with  Kansas  plants  using  natural  gas  for  fuel,  and  also  because 
there  is  no  good  local  market  for  cement  in  that  part  of  Arkansas  in 
which  the  cement  materials  occur. 

IZAUD  LIMESTONE. 
DISTRIBUTION. 

The  Izard  limestone  occurs  in  Independence,  Izard,  Stone,  Searcy, 
Marion,  and  Newton  counties.  It  is  found  in  quantity  on  all  the  main 
branches  of  Lafferty  Creek,  and  ranging  in  thickness  up  to  200  feet. 
In  a  few  places  it  occurs  in  almost  perpendicular  bluffs,  but  more 
commonly  in  steep,  terraced  slopes.  The  finest  exposures  are  along 
the  tributary  flowing  west  from  Cushman,  known  as  Blowing  Cave 
Creek;  in  the  ravine  in  the  north  part  of  sec.  13,  T.  14  N.,  R.  8  W., 
and  on  the  lower  part  of  West  Lafferty  Creek  for  4  miles  above  its 
junction  with  East  Lafferty.  In  sees.  3  and  10,  T.  14  N.,  R.  8  W.,  are 
areas  especially  noteworthy  both  for  the  quantity  and  quality  of  the 
Izard  limestone  exposed. 

At  Penters  Bluff  on  White  River  and  in  the  adjoining  region  this 
limestone  is  in  admirable  position  for  quarrying.  Penters  Bluff  is 
almost  perpendicular  and  is  more  than  400  feet  high,  285  feet  of  the 
base  being  Izard  limestone.  In  the  rear  of  the  lower  end  of  the  bluff 
is  a  ravine  from  a  fourth  to  half  a  mile  in  length,  which  penetrates 
the  hill  in  a  direction  but  slightly  divergent  from  the  course  of  the 
river,  leaving  a  high  narrow  wall,'  which  has  an  abrupt  face  riverward 
and  is  so  close  to  the  river  bank  that  there  is  scarcely  room  for  the  road 
along  its  base.  The  rear  of  this  wall  is  a  steep,  terraced  slope  facing 
the  ravine.  The  south  end  of  the  wall  is  tolerably  abrupt  for  60  to  70 
feet  from  the  base,  above  which  the  slope  is  gentler,  and  one  can  with 
a  little  difficult  climbing  at  the  start  ascend  to  the  highest  point  of  the 
bluff  by  traversing  it  lengthwise.  The  rocks  have  a  low  dip  to  the 
southeast.  The  south  end  of  the  bluff  for  about  a  fourth  of  a  mile 
consists  entirely  of  the  Izard  limestone. 

West  of  Penters  Bluff,  on  the  north  side  of  White  River,  the  lime- 
stone is  covered  in  a  few  places  by  the  chert  debris,  outcropping  almost 
continuously  along  the  hills  next  to  the  river  and  on  the  lower  course 
of  all  its  tributaries  as  far,  at  least,  as  Mount  Olive. 

The  largest  and  most  conspicuous  outcrop  of  Izard  limestone  west 
of  Penters  Bluff  is  on  Wilson  Creek  in  the  northwestern  part  of  the 
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Batesville  quadrangle.  At  the  base  of  the  hill  on  each  side  of  the 
creek  are  from  100  to  200  feet  of  Izard  limestone.  The  bottom  of 
the  bed  is  not  exposed.  At  some  places  the  limestone  outcrops  in 
solid  continuous  layers,  while  at  others  the  surface  is  covered  with 
more  or  less  regular  rectangular  blocks,  the  result  of  weathering. 
The  position  of  the  stone  for  quarrying  is  all  that  could  be  desired. 

In  the  eastern  part  of  8tone  County  the  Izard  limestone  is  exten- 
sively developed  along  the  south  side  of  White  River.  Along  the 
river  from  a  point  opposite  Penters  Bluflf  to  the  lower  end  of  Round 
Bottom  this  limestone  forms  the  base  of  the  hills  for  a  distance  of  100 
to  200  feet.  Up  the  river  from  Round  Bottom  the  base  of  the  hills  is 
composed  of  the  saccharoidal  sandstone,  the  Izard  limestone  lying 
near  the  top.  Northward  the  Izard  limestone  gradually  approaches 
the  tops  of  the  hills,  until  it  thins  out  and  disappears  entirely  in  the 
northern  part  of  the  county,  being  replaced  by  the  underlying  rocks. 
It  is  exposed  in  large  quantities  along  Cagen  and  Dry  creeks.  Rocky 
Bayou,  Hell  Creek,  and  South  Sylamore  Creek,  and  in  smaller  quan- 
tities on  North  Sylamore  and  Livingstone  creeks. 

In  Searcy  County  the  Izard  limestone  is  not  nearly  so  thick  as  far- 
ther east,  as  it  gradually  thins  to  the  west.  It  occurs  in  considerable 
quantities  along  Big  Spring,  Bald  Knob,  Little  Rock,  Rock,  Brush, 
and  Bear  creeks,  on  the  south  side  of  Buffalo  River,  and  on  the  north 
side  of  Mill  and  Jimisons  creeks. 

In  the  eastern  part  of  Newton  County  a  small  quantity  of  Izard 
limestone  occurs  along  Buffalo  River,  the  most  western  outcrop  noted 
being  in  sec.  26,  T.  16  N.,  R.  21  W.,  about  1  mile  below  Jaspar. 

THICKNESS  OF  IZASD  LIMfiSTONS. 

The  Izard  limestone  has  its  maximum  thickness  on  White  River  at 
Penters  Bluff,  Izard  County.  Here  285  feet  are  exposed,  and  the  bed 
extends  below  the  level  of  the  river,  so  that  the  total  thickness  can 
not  be  ascertained.  From  this  point  it  gradually  thins  eastward  to 
R.  4  W.,  in  Independence  County,  and  westward  to  R.  18  W.,  near 
the  western  border  of  Searcy  County.  It  thus  has  an  east- west  extent 
of  more  than  80  miles.  The  limits  of  its  exposure  north  and  south 
vary  from  3  to  10  miles,  depending  upon  the  topography.  At  Rocky 
Bayou  its  thickness  is  160  feet;  at  Roasting  Ear  Creek,  150  feet;  at 
St.  Joe,  150  feet;  on  Jimisons  Creek,  southwest  from  St.  Joe,  50  feet; 
at  Penters  Bluff,  the  lowest  exposure  on  White  River,  it  is  285  feet, 
while  in  sec.  26,  T.  15  N.,  R.  10  W.,  opposite  the  lower  end  of  Round 
Bottom,  it  is  130  feet.  The  limestone  extends  much  farther  up  the 
river  and  ends  somewhere  between  the  mouth  of  Livingstone  Creek 
and  Rappied  Branch.  On  the  east  end  of  the  river  bluff,  above  the 
mouth  of  Hidden  Creek,  the  limestone  is  250  feet  thick. 
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DGRC^RiPnON   OF  TflE   IZARD    LIMB8TONB. 

The  Izard  limestone  Ls  a  smootb,  fine-grained,  comi)act,  homogene- 
ous, nonfo8siliferou8,  even  bedded  linieHtone,  breaking  with  a  con- 
choidal  fracture.  It  is  mostly  of  a  dark-blue  color,  varying  locally  to 
buff,  light  and  dark  gray,  and  almost  black. 

Partial  analyses  of  Izard  limestfme. 


iDdolable  in  hydrochloric  acid. . 

Garbonate  of  lime  (CaCOs) 

Garboiiate  of  magnesia  (MgCOj) 

Total 


From  Polk 
Bayou. 


Lithograph- 
ic qiiarry, 
Lafferty 
Creek. 


0.34 

98.67 

2.14 


101. 15 


POLK  BAYOU  AND  ST.  CLAIR  LIMESTONES, 

DISTRIBUTION. 

On  the  north  side  of  White  River  these  limestones  outcrop  over  a 
somewhat  irregular  belt  80  miles  or  more  in  length  and  from  2  to  10 
miles  in  width,  running  across  the  central  part  of  North  Arkansas  in 
a  nearly  east-west  direction,  and  extending  from  Hickory  Valley  in 
R.  6  W.,  to  Mount  Hersey  in  R.  19  W.,  with  isolated  outcrops  as  far 
west  as  Jasper,  in  R.  21  W.  In  Independence  County,  at  the  eastern 
end  of  the  area,  the  outcrop  is  all  on  the  north  side  of  White  River. 
It  crosses  White  River  at  Penters  Bluff,  from  which  place  it  is  found 
only  on  the  south  side  of  the  river.  Its  northwestern  boundary  in  the 
main  is  the  fault  near  St.  Joe. 

In  the  western  part  of  its  area  the  bed  is  comparatively  thin,  its 
maximum  thickness  being  exposed  at  Penters  Bluff.  The  western  and 
northwestern  limits  of  the  bed  are  fairly  well  defined.  On  the  south 
it  dips  beneath  the  overlying  Mississippian  beds  of  the  Boston 
Mountains. 

On  the  south  side  of  White  River,  as  on  the  north  side,  the  marble 
outcrops  along  the  narrow,  winding  watercourses.  On  both  sides  of 
t|ie  river  the  rocks  have  a  gentle  south  dip,  so  that  as  the  northern^ 
limit  of  the  bed  is  approached  the  limestone  bed  occurs  higher  and 
higher  up  the  hillsides  until  it  is  finally  displaced  by  the  underlying 
Ordovician  rocks.  On  the  south  side  of  the  river  the  limestone  grad- 
ually descends  to  the  beds  of  the  streams,  where  it  dips  away  gently 
toward  the  south,  disappearing  beneath  the  overlying  Mississippian 
rocks.  Except  where  concealed  by  the  chert  debris,  the  limestone 
outcrop  on  the  south  side  of  the  river  is  continuous  as  far  west  at  least 
as  R.  12. 
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The  eastern  limit  of  the  limestone  outcrop  on  the  south  side  of  White 
River  is  in  the  NW.  i  sec.  5,  T.  14  N.,  R.  8  \V.,  just  above  Pentei-s 
Bluff.  Opposite  the  bluff  the  limestone  horizon  is  concealed  by  chert 
debris.  Upstream  from  the  outcrop  in  sec.  5  the  hills  become  steeper, 
and  are  so  close  to  the  river  that  from  Penters  Bluff  to  the  mouth  of 
Sylamore  Creek  they  form  a  river  bluff,  which  is  broken  bj'^  numerous 
small  creeks  and  ravines  and  by  two  short  strips  of  alluvium — ^.Tones 
Bottom,  in  R.  9  W.,  and  Round  Bottom,  in  R.  10  W.  This  bluff  is 
not  so  high  nor  so  prominent  as  Penters  Bluff,  but  it  consists  of  the 
same  rocks — Izard  limestone  at  the  base,  overlain  by  Polk  Bayou 
limestone,  which  is  capped  with  chert.  * 

BTRATIORAPHIG  POSITION  OF  FOLK   BAYOU  AND  ST.  CLAIR   LIMB8TONEB. 

Stratigraphic  position. — The  St.  Clair  limestone  and  Polk  Bayou  for- 
mations, considered  together,  form  one  of  the  thickest  and  most  impor- 
tant beds  of  limestone  in  the  State.  They  are  underlain  by  the  blue 
Izard  limestone  and  overlain  by  the  Sylamore  sandstone  (Devonian)  or 
the  Chattanooga  shale,  one  or  both  of  which  are  generally  present, 
often  in  an  inconspicuous  bed  only  a  few  inches  in  thickness.  In  the 
absence  of  both  the  Sylamore  {Sandstone  and  the  Chattanooga  shale  the 
St.  Clair-Polk  Bayou  limestones  are  overlain  by  the  St.  Joe  limestone, 
which  forms  the  base  of  the  Boone  formation. 

THICKNESS  OF  THE  ST.  CLAIB-POLK   BAYOU   LIMESTONES. 

The  maximum  thickness,  which  is  155  feet  or  more,  is  at  Penters 
Bluff,  on  White  River.  The  limestone  thins  out  gradually  toward  the 
east,  west,  and  north;  on  Polk  Bayou  it  is  probably  not  more  than 
100  feet  thick,  while  on  Dota  Creek,  still  farther  east  near  the  Paleo- 
zoic border,  it  does  not  occur  at  all.  Above  the  mouth  of  Hidden 
Creek,  on  White  river,  it  is  50  feet  thick;  but  a  few  miles  farther  up 
the  river,  below  the  mouth  of  Twin  Creek,  there  is  only  a  trace  of  it. 
On  the  south  side  of  White  River,  on  Little  Rocky  Bayou,  its  thick- 
ness is  from  26  to  40  feet;  on  South  Sylamore  it  is  from  25  to  50  feet, 
and  at  St.  Joe  it  is  from  20  to  30  feet. 

DESCRIPTION. 

In  general  both  the  Polk  Bayou  and  the  St.  Clair  limestones  are  highly 
crystalline,  being  composed  of  small  crystals  of  nearly  uniform  size. 
They  are  tenacious,  easily  cut,  break  with  difficulty,  and  have  a 
slightly  conchoidal  fracture.  In  weathering,  the  crystals  are  sepa- 
rated, resembling  coarse  sand. 

These  formations  commonly  outcrop  in  heav}'^  layers  from  2  to  4 
feet  or  more  in  thickness;  but  in  some  places  the  rock  is  massive,  the 
entire  exposure  being  in  one  solid  bed. 
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Excejjt  where  deeply  stained  with  manganese  and  iron  the  St.  Clair 
limestone  is  a  remarkably  pure  carbonate  of  lime. 

Analyses  of  St.  Clair  and  Polk  Bayou  limefitones. 


Silica  (SiO^) 

Iron  oxide  ( Fefii) 

Alumina  (Al,Os) 

Lime(CaO) 

Magnesia  (MgO) 

Potash  (K,0) 

Soda  (Na,0) 

Loss  on  ignition  (CO,,  et<*. ) 

Total 

Water  at  110°-115* 

Carbonate  of  lime  (CaCOj). 


BrookH 
mine. 

Hell 
Creek. 

0.32 

St.  Joe. 

St.  Clair 
Springs. 

0.73 

0.11 

0.54 

.11 

.30 

.08 

.19 

.24 

.10 

.18 

54.82 

55.74 

56.22 

54.70 

.24 

Trace. 

Trace. 

• 

.01 

.17 

.07 

.78 

.48 

.22 

.08 

43.08 

43.31 
100.65 

43.79 

43.35 

99.86 

100.31 

100.00 

.09 

.059 

.04 

.04 

97.88 

98.40 

99.68 

1 

97.77 

Lower 

Polk 

Bayou. 


0.69 

.27 

.10 

55.21 

.27 

Trace. 

43.39 
100.28 

98.42 


,sr.  JOE  LIMESTONE. 


DISTRIBUTION. 


St.  Joe  marble  is  the  name  given  by  the  Arkansas  geologists  to 
the  prominent  bed  of  red  limestone  which  is  widely  distributed  over 
nearl}"  all  the  counties  of  Arkansas  north  of  the  Boston  Mountains. 
It  is  so  named  from  the  village  of  St.  Joe,  in  Searcy  County,  Ark., 
where  there  is  a  typical  exposure  and  where  it  was  first  studied  by 
the  Arkansas  geological  survey.  In  the  publications  of  the  United 
States  Geological  Survey  this  bed  is  termed  the  St.  Joe  limestone 
member  of  the  Boqne  formation. 


QEOIXKilC   I»OeiTION. 


The  St.  Joe  limestone  is  situated  at  the  base  of  the  Boone  chert,  of 
which  it  forms  a  part.  It  is  underlain  by  the  Chattanooga  shale 
(Eureka  shale  in  part  of  Arkansas  survey)  where  that  formation 
occurs,  otherwise  by  the  Sylamore  sandstone  or  by  Silurian  or  Ordo- 
vician  rocks.  In  the  eastern  part  of  the  marble  area  of  the  State  it 
overlies  the  St.  Clair  limestone,  from  which  it  is  separated  in  most 
places  by  a  thin  bed  of  Devonian  shale  or  sandstone;  west  and  north 
of  the  bordei's  of  the  St.  Clair  limestone  it  overlies  the  St.  Peter 
saccharoidal  sandstone  or  the  Yollville  limestone,  with  either  of  which 
in  some  places,  in  the  absence  of  the  Chattanooga  shale,  it  may  be  in 
direct  contact. 
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THICKNBB8. 


The  thickness  of  the  St.  Joe  bed  throughout  the  greater  part  of  the 
area  in  which  it  occurs  is  from  25  to  40  feet.  But  as  there  is  in  many 
places  no  definite  line  of  demarcation  between  the  marble  and  the  over- 
lying chert,  the  upper  limit  of  the  marble  is  somewhat  arbitrary.  In 
some  places  in  the  eastern  part  of  the  area  the  chert  rests  directly  on 
the  Ordovician  rocks,  showing  the  entire  absence  of  the  St.  Joe,  while 
at  other  places,  as  at  one  place  in  the  vicinity  of  Marble  City,  the 
chert  is  100  feet  and  at  another  it  is  250  feet  above  the  bottom  of  the 
marble.  In  such  cases,  however,  the  upper  part  of  the  bed  is  of  gray 
limestone  similar  to  that  interbedded  with  the  chert  elsewhere,  but  no 
sharp  line  can  be  drawn  between  the  red  marble  at  the  base  and  the 
gray  limestone  overlying  it,  for  the  two  gradually  merge  into  each 
other. 


COMFOBrriON. 


The  chemical  analyses  given  in  the  accompanying  table  show  the 
St.  Joe  limestone  to  be  a  comparatively  pure  carbonate  of  lime. 

Analyses  of  St.  Joe  limestone. 


I 

,    Marble 
'      City. 


Rhodes 
Mill. 


Residue  insoluble  in  hydrochloric  acid 0. 800 

Titanic  oxide  ( TiOJ i    Trace. 


0.835 
Trace. 
.009 
.024 
.058 
.071 


Toma- 
hawk 
Creek. 


3.03 


Phosphoric  acid  (PjOj) .028 

Alumina  (AlA) i       -009 

Ferric  oxide  (FeA)-- !       -051 

I 

Manganese  oxide  ( MnO,) i       .015 

Zinc  oxide  (ZuO)  present,  but  not  <letermined ' 

Potash  (KjO)  andsodaCNa^O) 054         .005 

MagnesiaCMgO) 190       •.160 

Lime  (CaO) 55.390     55.340 

Losson  ignition  (COj) I    43.740     43.630 

Total 100.272  ,100.177 

('aH)onate  of  lime 98.91       98.82 


.18 
.70 


.32 

.46 

53.46 

42.30 


St.  Joe 
crlnoldal. 


1.16 


100.  :J8 
95.46 


98.  73 


LIMESTONES  OF  THE  BOONE  CHERT. 

The  Boone  chert  contains  large  quantities  of  limestone,  some  of  the 
most  valuable  beds  in  the  State  occurring  in  it.  In  different  parts  of 
the  region  it  varies  widely  both  in  quantity  and  quality.  In  some 
places  it  is  made  up  almost  entirely  of  limestone,  while  in  others 
it  consists  almost  entirely  of  chert.  For  convenience  the  subject  is 
divided  into  three  parts:  (1)  The  limestone  underlying  the  chert;  (2)  the 
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limestone  overlying  the  chert;  and  (3)  the  limestone  in  the  chert  bed. 
The  bed  underlying  the  chert  has  been  designated  the  St.  Joe  limestone 
and  has  been  described  in  detail  on  the  preceding  pages  (93-94). 

UMBBTONE  OVBRLTINO  THE  CHEBT  BED.      . 

Description. — The  limestone  overlying  the  chert  bed  is  classed  as 
part  of  the  chert  bed,  but  in  many  places  it  is  apparently  a  separate 
bed.  In  most  places  it  is  dark  gray  on  a  fresh  fracture,  but  on 
exposure  the  color  changes  to  a  light  gray  on  account  of  the  loss  of 
bituminous  matter.  In  some  places  the  rock  is  almost  entirely  free 
from  organic  matter.  It  is  coarsely  crystalline,  slightly  fossiliferous,. 
homogeneous  in  texture,  and  very  tenacious;  has  a  conchoidal  frac- 
ture, gives  out  a  fetid  odor  on  a  fresh  surface,  and  rarely  presents 
sharp  edges  on  weathered  exposures,  but  outcrops  in  rounded  bowl- 
ders or  prominences  through  the  soil.  In  places  the  limestone  con- 
tains numerous  small  fragments  of  angular  chert. 

Dist/rihution. — The  limestone  overlying  the  chert'  bed  was  not 
observed  in  the  eastern  part  of  northwestern  Arkansas  where,  however, 
limestone  does  occur  in  many  places  near  the  top  of  the  chert  bed,  but 
either  contains  intercalated  chert  or  is  overlain  by  thin  la^'ers  of  chert, 
and  is  distinct  lithologically  from  the  bed  overlying  the  chert  in  the 
western  part  of  the  area.^  It  occurs  in  the  western  part  of  the  State, 
in  Carroll,  Madison,  Benton,  and  Washington  counties,  where  it  out- 
crops around  the  numerous  outliers  of  the  Boston  Mountains.  Com- 
paratively small  quantities  of  it  are  exposed  on  Grindstone  and  Pond 
mountains,  near  Eureka  Springs,  but  on  Swain  Mountain,  T.  19  N., 
R.  26  W.,  it  forms  a  prominent  ledge  around  the  east  end  of  the 
mountain  between  the  c^ert  and  the  overlying  Batesville  sandstone, 
outcropping  in  rounded  ledges  along  the  Eureka  Springs-Huntsville 
road,  where  it  is  very  dark,  almost  black,  on  a  fresh  surface.  It  is 
exposed  in  large  quantities  in  Stanley  Branch  around  the  borders  of 
the  Batesville  sandstone  areas,  in  heavy  ledges  around  the  base 
of  Keefer  Mountain  south  of  Hindsville,  about  Goshen,  in  T.  17  N., 
R.  28  W.,  on  the  tributaries  of  Richland  Creek,  and  on  Poor,  Ellis, 
Humphrey,  Blansett,  and  other  mountains  on  the  west  side  of  White 
River. 

LIMEOTONES   IN  THE  BOONE  CHERT. 

Description. — Though  most  variable  in  quantity  and  quality,  the 
limestones  in  the  Boone  chert  form  some  of  the  largest  and  most  val- 
uable beds  in  North  Arkansas.  Instead  of  a  persistent,  clearly  defined 
bed  of  limestone  running  through  the  chert,  there  is  rather  a  bed  of 
chert,  with  large  quantities  of  limestone  variously  mixed  through  it. 
In  some  places  the  limestone  occurs  in  irregular  layers,  varying  from 

o  Mr.  £.  O.  Uliich  states  that  part  of  this  limestone — the  black  variety— is  a  bed  in  the  banal  part  of 
Uie  Fayetteville  shale. 
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1  inch  to  a  foot  or  more  in  thickness,  intercalated  .with  like  irregular 
layers  of  chert;  in  other  places  it  occurs  in  lenticular  masses;  again, 
the  chert  occurs  in  lenticular  or  nodular  masses  in  the  limestone;  in 
still  others  the  chert  and  limestone  are  so  intimately  diffused  that  it 
is  not  possible  to  draw  any  sharp  line  between  them.  It  often  hap- 
pens, however,  that  the  limestone  forms  a  bed  from  20  to  100  feet  or 
more  in  thickness,  almost  or  entirely  free  from  chert.  It  is  in  such 
places  that  the  stone  acquires  an  economic -value.  The  variability  of 
the  Boone  formation  is  largely  due  to  local  causes  favoring  or  retard- 
ing replacement  of  limestone  by  chert. 

Nearly  all  the  limestone  in  the  chert  is  more  or  less  crystalline, 
but  it  is  much  more  so  in  some  places  than  in  others.  In  a  general 
way  it  is  more  crystalline  in  the  central  part  of  the  area  than  either 
to  the  east  or  west,  and  more  crystalline  in  the  east  than  in  the  west. 
While  there  are  many  local  changes  in  color,  texture,  and  structure 
of  the  limestone  in  the  chert,  there  are  some  distinctly  marked  varie- 
ties of  it. 

Distribution, — ^The  oolitic  limestone,  which  is  one  of  the  most  valu- 
able varieties,  is  known  to  occur  at  three  localities:  Northeast  of 
Batesville;  near  War  Eagle  Creek,  about  4  miles  north  of  Huntsville; 
and  on  Brush  Creek,  in  T.  17  N.,  R.  28  W.  The  rock  at  Bates- 
ville *  occurs  in  layers  from  3  to  6  feet  thick,  and  can  be  quarried  in  as 
large  pieces  as  can  be  handled.  In  color  and  appearanoe  it  resembles 
the  Indiana  oolitic  stone  somewhat,  but  is  harder  and  more  crystalline 
than  most  of  the  Indiana  stone  and  is  harder  to  work.  The  stone 
found  at  the  two  other  localities  mentioned  above  is  lighter  colored, 
softer,  and  more  easily  wrought. 

Another  variety  occurring  in  the  western  part  of  Independence 
County  is  a  hard,  compact,  close-grained,  finely  crystalline,  slightly 
fossiliferous,  dark- colored  stone,  the  dark  color  being  due  to  bitumi- 
nous matter,  which  in  some  places  occurs  only  in  such  small  quantities 
as  to  give  the  stone  a  light-gi"ay  color.  In  some  places  it  develops  a 
shaly  structure,  but  in  most  places  occurs  in  layers  from  2  inches  to  3 
feet  in  thickness,  which  are  firm,  solid,  and  resonant. 

A  variety  which  is  widely  distributed  over  the  centi'al  part  of  the 
area  is  highly  fossiliferous,  coarsely  cr3^staHine,  and  varies  from  light 
to  dark  gray  in  color.  •  The  fossils  are  mostly  crinoid  stems,  though 
the  rock  contains  numerous  bryozoans  and  brachiopods.  In  some 
places  it  contains  considerable  amorphous  matter,  but  in  many  places 
is  almost  completely  crystalline. 

Com.positum. — The  limestones  in  the  chert  vary  greatly  in  composi- 
tion, ranging  by  close  gradations  from  chert  to  almost  pure  calcium 
carbonate.     However,  in  nearly  all  places  where  the  large  beds  of 


a  According  to  Mr.  E.  O.  Ulrich  this  rock  overlies  the  Boone  and  belongs  to  the  Moprefield  shale. 
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limestone  occur  it  is  comparative!}'  pure  carbonate  of  lime.  Some 
nodules  or  lenticular  masses  of  chert  occur  in  the  heavy  beds  of  lime- 
stone,  but  in  no  instance  was  there  any  considerable  quantity  of  silica 
found  diffused  through  the  bed  of  limestone.  The  whole  series,  in 
fact,  might  be  divided  into  (1)  chert  almost  free  from  lime,  (2)  calcare- 
ous chert  or  siliceous  limestone,  and  (3)  comparatively  pure  limestone. 

Anaiysea  of  limestones  from  the  Boone  chert. 


Lime  (CaO) 

Magnesia  (MgO) 

Silica  (SiO,) 

Alatnina  (AiaOs) 

Iron  oxide  ( FcaOj ) 

Potash  (K,0) 

8oda  (Na,0) 

Phosphoric  acid  ( P^O^) 

Lo6s  on  Ignition,  COj  and  organic  matter. 

Total 

Water  at  100°-115°  C 

Garl)onate  of  lime  (CaCOs)  


1 

9 

8 

55.17 

55. 42 

56.14 

Tra(!e. 

.39 

Trat^e. 

1.61 

.68 

.30 

.00 

.00 

.00 

.14 

.32 

.06 

.14 

.19 

.12 

.09 

.19 

.08 

.10 

.17 

Trace. 

43.13 

43. 56 

43.  77 

100. 38 

100.92 

100.47 

.057 

.09 

.49 

98.29 

98. 59 

100.  23 

1.  Allen's  quarry,  Polk  Bayou,  sec.  4.  T.  13  N..  R.  6  W 

2.  Near  Victor  poet-offlce.  sec.  10.  T.  13  N.,  R.  7  W. 
8.  Mill  Creek,  sec.  13,  T.  16  N.,  R.  18  W. 


Partial  analyses  of  limestone  from  the  Boone  chert. 


1 

54.92 

1.47 

i 

53.66 

» 

4 
54.89 

5 

55. 09 
.50 

6 

56. 15 
.19 

m 

4 

Lime  (CaO) 

55.06 

55.12 

Insoluble  ( silica ) 

4.38 

.28 

Maimeeia  ( McO) 

.03 

.21 

.45 

L068  on  ienition  ( C0»,  etc. ) . . 

43.61 

99.20 

.03 

98.37 

43. 58 
99.92 

56. 39 

.10 

98.07 

55. 09 

Total 

58.04 

.31 

95.  82 

55.10 

55.85 

Water  at  110-115°  C 

Calcinm  carbonate  (CaCOj) . . 

Magnesium      carbonate 
(MffCO,) 

98.  32 

98.02 

100.25 

98.  43 
.95 

V  *»-»gv^v.r3  /    ................. 

1.  LoRter'B  spring. 

2.  Jonefl  quarry. 

8.  Pond  Mountain,  nee.  23,  T.  20  N..  R.  26  W. 

4.  Limekiln  at  Rogers. 

6.  Brash  Creek,  Madison  County,  wc.  2ft,  T.  17  N.,  R.  28  W. 

6.  Sec.  16,  T.  17  N..  R.  2(5  W. 

7.  DenievlUe,  Independence  County. 

Bull.  243—05 7 
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PITKIN  OR  ARCHIMEDKS  LIMKSTOXE. 
DESCRIPTION. 

The  Pitkin  or  Archimedes  limestone  is  impure,  j^enci-ally  loose  tex- 
tured, and  very  fossillferous,  varying  from  bluish  gray  to  ])rown  in 
color.  In  most  places  it  is  distinguished  by  its  characteristic  fossil,  a 
spiral-shaped  bryozoan  of  the  genus  A7\^hime(hM^  from  which  its 
former  name  was  derived.  The  compactness  of  the  stone  appears  to 
vary  with  the  size  of  the  fossils.  When  they  are  large  the  texture  is 
open,  being  often  but  a  loosely  aggregated  mass;  when  the  fossil  frag- 
ments are  small  the}^  are  closely  compacted  and  the  rock  is  firm  and 
durable.  In  some  places  the  formation  graduates  into  sandstone,  the 
change  being  so  gradual  that  there  is  no  line  of  demarcation  between  the 
two.  In  other  places  it  is  very  argillaceous,  and  in  most  places  (contains 
iron  and  bituminous  matter.  In  some  places  it  has  a  loose,  shaly  struc- 
ture, while  in  others  it  occurs  in  strata  10  feet  or  more  in  thickness. 

THICKNESS. 

The  Pitkin  or  Archimedes- limestone  varies  in  thickness  from  a  few 
inches  to  80  feet  or  more.  Its  thickness  is  from  25  to  40  feet  in  Wash- 
ington County,  80  feet  on  Pinnacle  Mountain,  Newton  County,  and 
apparently  more  than  this  on  the  face  of  the  Boston  Mountains,  south 
of  Buflfalo  River,  where  no  measurement  was  made.  Mr.  C.  E.  Sie- 
benthal  reports  a  thickness  of  200  feet  in  the  Boston  Mountains,  south 
of  Mountain  View. 

DISTRIBUTION. 

This  limestone  is  widelv  distributed  over  northern  Arkansas,  occur- 
ring  at  nearly  all  clear  rock  exposures  at  the  proper  horizon,  Imt  as  it 
is  in  some  places  less  durable  than  the  overlying  rocks,  it  is  frecjuently 
concealed  by  talus.  In  some  places  it  is  more  durable  than  the  over- 
lying rocks  and  forms  a  prominent  escarpment  along  the  face  of  the 
mountains.  It  outcrops  along  the  north  face  of  the  Boston  Mountains 
and  in  many  of  the  northern  outliers  from  Independence  County  west 
into  Indian  Territory.  It  outcrops  also  on  the  south  side  of  the  Bos- 
ton Mountains  in  several  places  in  Crawford,  Franklin,  Johnson,  and 
Newton  counties.  In  Limestone  Valle}^  Franklin  County,  it  has  a 
thickness  of  100  feet  or  more. 

It  is  prominently  developed  in  the  group  of  mountain  peaks  in  the 
southern  part  of  Boone  County  and  the  northern  part  of  Newton 
County.  At  Fodder  Stack  it  forms  the  cap  rock,  about  100  square 
feet.  On  Pinnacle  Mountain  it  occurs  in  a  prominent  ledge  80  feet 
thick,  400  feet  below  the  top  of  the  mountain.  On  Pilot  Mountain, 
at  the  north  end  of  Boat  Mountain,  it  is  30  feet  thick  and  lies  200  feet 
below  the  top  of  the  mountain.  It  is  concealed  by  talus  in  many 
places  on  both  Pilot  and  Boat  mountains. 

There  are  large  exposures  of  the  Archimedes  limestone  on  both 
sides  of  Buffalo  River,  in  Newton  County,  on  the  mountain  between 
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Big  and  Little  Buffaloes,  and  at  many  places  along  the  north  face  of 
the  Boston  Mountains  in  Searcy,  Stone,  and  Independence  counties. 
It  outcrops  prominently  on  the  mountain  south  of  Jamestown,  Inde- 
pendence Coimty,  as  well  as  at  niany  places  on  Salado  Creek,  in  the 
same  county,  and  it  skirts  the  highlands  southwest  of  the  Oil  Trough 
bottom. 

CRETACEOUS  CHALK  BEDS,  a 

The  Cretaceous  rocks  of  Arjcansas  occur  only  in  the  southwestern 
portion  of  the  State,  reaching  as  far  northeast  as  Arkadelphia  (See 
PI.  III.  On  the  north  they  are  bordered  by  Paleozoic  sandstones  and 
shales,  while  on  the  south  and  east  they  pass  out  of  sight  beneath  a  series 
of  sands,  gravels,  and  clays  of  later  age. 

In  the  present  discussion  thfi  only  part  of  this  series  to  be  consid- 
ered is  the  chalk  formation  of  the  upper  Cretaceous.  This  is  geolog- 
ically continuous  with  the  Texas  chalk  (see  pp.  308-309),  but  is  cov- 
ered in  many  places  by  sands,  gravels,  and  river  bottoms,  so  that  it 
occurs  as  a  series  of  isolated  outcrops.  It  outcrops  near  Rocky  Comfort, 
in  Little  River  County,  and  near  White  Cliffs,  Saline  Landing,  Wash- 
ington, and  Okolona,  and  on  Big  and  Little  Deciper  creeks. 
.  While  the  chalk  of  all  these  areas  is  of  upper  Cretaceous  age,  there 
is  a  considerable  variation  in  stratigraphic  position.  The  chalk  beds  at 
Rocky  Comfort,  White  Cliffs,  and  Saline  Landing  become  more  sandy 
and  clayey  and  less  chalky  as  they  are  traced  northeastward  from 
the  last-named  area,  and  soon  become  worthless  as  cement  materials. 
At  the  same  time  a  series  of  limy  clays,  situated  geologically  about 
200  feet  above  this  first  chalk  series,  becomes  more  chalky  as  it  is 
traced  northeastward;  and  this  second  chalk  bed  is  worth  considering 
as  a  cement  material  in  its  outcrops  near  Washington  and  Okolona,  and 
on  the  Deciper  creeks. 

The  first  or  lower  series  of  chalk  beds  has  been  called  the  White- 
cliffs  *  formation  and  the  second  series  the  Saratoga  formation,  both 
being  named  from  localities  at  which  they  are  well  exposed. 

The  different  areas  of  outcrop  will  be  discussed  separately  in  order 
from  southwest  to  northeast,  after  which  a  large  series  of  analyses  of 
the  chalk  will  be  presented. 

WHITECLIFi'S    (aNNONA^)    FORMATION. 
ROCKY  COMFORT  AREA. 

The  chalk  which  outcrops  in  the  vicinity  of  Rocky  Comfort  is 
remarkably  uniform   ia  physical  appearance.     It  is  massive,  white, 


a  The  description  of  the  Cretaceous  chalkH  Ls  taken  from  a  very  detailed  rt-iK^rt,  by  Mr.  J.  A.  TafT, 
on  The  chalk  of  southwestern  Arkan^aK,  with  notes  on  itfl  adaptability  to  the  manufacture  of 
hydraulic  cements,  in  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  pp.  689-742.  So  far  as 
posrible  this  matter  is  stated  in  Mr.  Tail's  own  words. 

b  As  the  term  White  Cliff  had  been  appliefl  in  1870  to  a  formation  in  the  LMntii  Mountains,  the  name 
Annona,  from  Annona,  KchI  River  County,  Tex.,  where  the  chalk  is  well  exposed,  has  been  adopted 
for  it  by  the  U.  S.  Qeological  Survey. 
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sufBcicntly  friable  to  soil  the  fingers,  and  thin  pieces  may  be  broken 
in  the  hands,  but  the  lianinier  is  required  to  pulverize  the  massive 
rock.  On  exposure  the  chalk  breaks  into  conchoidal  fragments,  which 
weather  to  lumps  and  finally  become  chalky  dust.  In  the  hillsides 
south  of  town  the  bedding  is  scarcely  preceptible. 

The  composition  of  fresh  chalk  from  the  bed  of  the  branch  at  the 
ba^e  of  the  exposure  is  given  in  analysis  No.  4  (p.  Ill),  while  No.  3 
shows  that  exposed  in  the  ditches,  .55  feet  higher.  The  former  is  not 
many  feet  above  the  base  of  the  true  chalk  and  the  latter  belongs  near 
the  middle.  This  ciialk  is  in  physical  appearance  like  that  of  White- 
dilfs,  and  a  comparison  of  the  analyses  shows  that  this  chalk  and  that 
from  Whitecliffs  quarry  have  practically  the  same  composition. 

The  lower  beds  are  exposed  by  the- road  in  the  SE.  i  of  SE.  i  sec. 
21,  T.  12  S.,  R.  82  W.,  also  near  the  middle  of  sec.  21,  with  chalky  marl 
cropping  below.  These  basal  beds  are  more  clayey  and  ^siliceous  than 
those  higher  in  the  formation  south  of  Rocky  Comfort. 

From  the  center  of  sec.  21  to  the  ^'line  road'-  in  the  SW.  i  sec.  29 
the  chalk  is  concealed  beneath  residual  black  soil.  At  the  latter  locality 
the  chalk  is  well  exposed  in  ditches  and  on  high  ground  along  the  road 
almost  through  the  8E.  i  of  SW.  i  sec.  21).  The  lower  l)eds  of  the 
formation  are  also  exposed  in  the  hill  and  bluff  facing  the  river  bottom 
in  the  NE.  i  of  NE.  i  sec.  81. 

From  till?  base  of  the  chalk  downward  there  is  a  transition  zone 
of  bluish  clayey  chalk  which  grades  down  into  still  less  chalky  clay. 
This  transition  clay  chalk  is  exposed  at  the  contact  in  the  SW.  i  sec. 
21),  and  in  dct^p  ditches  on  the  hill  sloi)es  bellow  the  Ilopson  graveyard, 
in  theNE.  i  of  NE.  isec.  80. 

Analysis  No.  2  (p.  1 1 1)  is  of  a  specimen  of  thc^  transition  clayc}'  chalk 
from  tlu?  latt(»r  locality.     Whih^  the  analysis  sh()\ys  that  the  marl  con- 

ft.  ft 

tains  25  per  cent  of  silica,  sand  is  not  yisihl(\ 

From  sec.  80  northward  to  t\w  llolman  place,  near  the  center  of 
sec.  IS,  the  clayey  chalk   is  iJf(»nerally  concealed  by  its  residual  soil. 

ft  ft,  C7  ft  • 

(jravish-!)lue,  sandy,  chalky  marl,  ])artiaily  indurated  at  the  surface, 
outcrops  at  the  llolman  House  and  in  <iu||i(»s  ;-)()()  fei^t  farther  west. 
This  chalky  marl  is  peive[)til)ly  more  >an(iy  tlian  that  higher  in  the 
s(»ction  innnediately  below  the  true  chalk. 

« 

Tiie  ('ruml)lint»-  (»(lo(\s  of  the  rhalk  deposits  outcrop  in  the  low  bluff 
of  Walnut  Hayou  bottom  from  the  NK.  j  of  NK.  1  set*.  8o  southward 
t-o  the  (wtreme  south  end  of  the  <'halk  area,  in  the  SE.  i  of  8W.  i  of 
sec.  82. 

ExcelliMit  exposures  of  the  clialk  occni'  in  and  ncai*  the  road  in  the 
SW.  \  of  SW.  I  of  sec.  ')2.  The  analysis  of  this  chalk  is  given  in 
No.  1  of  tiie  tai)le.  The  chief  dillerence  between  this  and  the  other 
samphvs  of  the   [)urer  chalk  analyzed  is  that   it  contains  nuich  more 
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clay.  The  only  perceptible  physical  difference,  however,  is  that  it  is  a 
little  harder. 

A  rather  large  exposure  of  white  chalk,  of  beds  near  the  top  of  the 
formation,  appears  on  Col.  Henry  Hawkins's  place,  in  the  NW.  i 
sec.  33.  About  one-fourth  mile  southeast  of  the  house,  in  the  SE.  i 
of  NW.  i  sec.  33,  the  top  of  the  true  chalk  and  the  base  of  the  suc- 
(reeding  chalk}'  marl  is  exposed.  A  thin  mantle  of  gravel  conceals 
part  of  both  the  chalk  and  the  marl.  The  upper  layers  of  the  chalk 
are  also  exposed  south  of  the  branch,  in  the  SPl  i  sec.  28. 

There  are  smaller  exposures  of  chalk  in  this  region,  but  it  is  believed 
that  those  above  described  are  typical. 

WHITECLIPFS  AREA. 

The  chalk  here  exposed  occupies  parts  of  sees.  26,  26,  35,  and  36, 
T.  11  S.,  R.  29  W.,  and  sees.  30  and  31,  T.  11  S.,  R.  28  W.,  and 
.covers  an  area  of  about  600  acres. 

A  large  part  of  the  chalk  of  the  Whitecliffs  area  is  covered  by^  a  thin 
mantle  of  gravel  and  sand.  In  places  this  gravel  may  attain  a  thick- 
ness of  several  feet,  but  it  is  believed  that  it  will  nowhere  interfere 
seriouslj'  with  the  removal  of  the  chalk.  The  chalk  is  also  concealed 
in  places,  especially  near  the  border  of  the  the  area,  by  its  own  resid- 
ual soil,  with  scattered  pebbles  or  a  very  thin  laj^er  of  gravel. 

The  most  noteworthy  exposure  of  chalk  in  southwestern  Arkansas 
occurs  in  the  cliffs  overlooking  Little  River  from  the  east  side,  in  the 
northeast  corner  of  sec.  35,  T.  11  S.,  R.  29  W.,  immediately  above  the 
ferry. 

From  the  brink  of  the  cliff  down  to  the  water  level  is  115  feet,  and 
about  15  feet  of  chalk  is  exposed  at  a  higher  level  b}'  the  road  which 
leads  from  the  cement  works.  The  following  .is  a  detailed  section, 
beginning  at  the  top  of  the  chalk  and  marl  in  the  cliff: 

Section  at  WliileHiffs  Landing. 

Peet. 

1.  Massive,  creamy  white  chalk,  in  bwla  from  a  foot  to  about  10  feet  thick,  sep- 

arated by  thin  partings  of  very  slightly  laminated  chalk.  The  variation 
in  the  character  of  the  chalk  from  })e<l  to  Ixjd  is  not  perceptible  on  physical 
examination,  and  the  stratification  planes  are  not  clearly  defined  except 
upon  partial  weathering  of  the  rock.  Analysis  No.  7  (j).  1 11 )  is  of  sj)ecimen8 
in  the  lower  part  of  this  chalk,  while  No,  9  is  an  average  of  specimens  from 
each  bed  in  the  lower  half  as  exposed  in  the  quarry.  No.  8  is  from  about 
10  feet  below  the  top  as  exposed  by  the  road  opiK)8ite  the  cliff 60 

2.  Massive  dull  bluish-white  siliceous  chalk.     Slightly  harder  than  the  pure 

chalk  of  1,  practically  without  indication  of  bedding,  and  because  of  ite 
hardness  projects  in  a  steep  bench  overhanging  the  less  chalky  beds 
below.  Analysis  No.  6  shows  that  this  chalk  contains  nearly  twice  as 
much  silica  as  the  chalk  above.  This  bed  occurs  in  the  bench  beneath 
the  quarry  and  passes  to  tiie  level  of  the  river  bottom  near  the  clay  jnt 
south  of  the  works.  An  outcrop  occurs  also  near  the  middle  of  the  bluffs 
north  of  the  cliffs,  spreading  out  at  the  surface  in  the  cultivated  fieldH  1 
mile  southeast  of  the  village  t  >f  W hitecliffs 25 
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Feet. 

3.  Massive,  very  siliceous,  dull-blue  argillaceous  chalk  marl.     This  Ijed  con- 

tains more  than  twice  as  much  sand  and  nearly  three  times  as  much  clay 
as  the  overlying  \)ed  No.  2.  The  rock  is  quite  friable  and  weathers  in 
recesses  beneath  the  siliceous  chalk 8 

4.  Bluish,  sandy,  chalky  marl,  containing  great  numbers  of  the  fossils  shell 

Grypluea  vesicularU.  Except  for  the  abundant  fossils  this  rock  would  be 
classed  with  No.  3,  though  it  is  proV^ably  slightly  more  sandy 7 

5.  Hluish,  sandy,  chalky  marl,  gradually  increasing  in  sandiness  from  the  top 

downward  to  the  level  of  the  river 35 

The  lower  30  to  35  feet  of  the  white  chalk  of  1  is  freshly  exposed  in 
t'lo  quarry. 

The  top  of  the  bluish-white  chalk  of  2  forms  the  bench  beneath  the 
jiiiirry  and  occurs  at  the  base  of  the  bluflf  southeast  of  the  landing. 

The  sandy  chalk  members  3,  4,  and  5  rise  gradually  northward 
horn  the  lower  part  of  the  cliff  and  are  found  in  the  highland  between 
the  villages  of  Whitecliffs  and  Brownstown. 

One-half  mile  west  of  Doctor  Coats's  house,  in  the  N  W.  i  sec.  23,  T. 
11  S.,  R.  29  W.,  bed  No.  4  is  exposed  at  the  top  of  the  bluff  and  below 
it  is  the  following  section,  well  shown  in  deep  gullies  down  to  the 
level  of  the  valley: 

Section  of  marl  below  the  Whitecliffs  chalk. 

Feet 

1.  Sandy,  chalky  marl.     Dull  bluish  when  not  weathereil,  becoming  grayish 

or  whitish  yellow  after  long  exposure.  It  contains  numerous  specimens 
of  the  large  oyster  Exogj/ra  iwnderosay  besides  OiUren  larva  and  many  other 
fossils  common  to  the  Upper  Cretaceous  marls.  The  upper  half  of  this 
member  is  No.  5,  at  the  l)ase  of  the  cliff  at  Whitecliffs  Landing 60 

2.  Blue  clay  marl  containing  some  large  oysters  as  above,  and  less  lime  than 

No.  1 ,  and  much  more  clay 30 

3.  Dark-blue  gritty  greensand  marl  with  sciittering  smooth  round  pebbles  of 

black  and  white  quartz  1  inch  and  less  in  diameter U) 

4.  Blue  clay  marl  down  to  the  level  of  the  bottom  land,  exposed 15 

This  section  is  about  2  miles  north -northeast  of  the  chalk  cliff  which 
is  in  the  NW.  i  sec.  35,  and  the  sandy  marl  bed,  which  is  here  about 
100  feet  above  the  river,  is  at  the  water  level  at  the  cliff.  This  marl 
J>ed  with  the  associated  marls  and  chalks  above,  which  are  conform- 
able  with  it,  dips  toward  the  southeast  at  the  rate  of  about  50  feet  per 
mile.  The  base  of  the  chalk  at  the  north  side  of  the  chalk  area  is  fully 
50  feet  above  the  river  bottom.  At  the  south  side,  a  mile  distant,  it 
is  at  the  level  of  tlie  bottom.  There  may  be  local  variations  in  the  dip 
of  the  beds,  but  the  general  dip  is  estimated  to  be  nearl}'^  50  feet  per 
mile  toward  the  southeast. 

SALINE  LANDING  AREA. 

The  chalk  of  this  area  extends  with  practically^  continuous  exposure 
from  the  chalk  bluff  at  Saline  Landing,  in  tlio  south  half  of  sec.  35,  T. 
11  S.,  R.  28  W.,  to  sec.  14,  T.  ll  S.,  li.  27  W.,  and  is  about  7  miles  in 
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length  and  one-third  of  a  mile  in  width.     The  map  of  this  chalk  area 
is  given  as  PI.  III. 

The  base  of  the  chalk  is  not  exposed  in  this  area,  though  the  lower 
sandy  member  outcrops  in  sees.  21  and  22,  toward  the  source  of  Plum 
Creek.  These  outcrops  occur  in  the  border  of  the  creek  bottom, 
within  less  than  1  mile  of  the  exposure  of  fossiliferous  blue  marl  out- 
cropping on  the  north  side  of  Plum  Creek  in  sees.  16  and  16.  The 
structure  of  the  rocks  shows  that  this  marl  belongs  not  more  than  50 ' 
feet  below  the  base  of  the  chalk. 

The  chaJk  at  the  top,  as  exposed  in  many  places  in  the  south  side 
of  the  area,  grades  up  into  blue  clay  marl  through  20  to  30  feet  of 
marly  chalk  and  chalky  marl.  This  gradation  is  especially  well  shown 
in  the  chalky  barren  hill  slopes  near  the  Columbus  Mineral  Springs 
road,  in  the  south  side  of  sec.  14,  T.  ll'S.,  R.  27  W. 

The  thickness  of  the  chalk  in  the  southwestern  part  of  the  area  is 
not  known,  as  its  lower  portion  is  concealed.  Near  the  northeast 
corner  of  sec.  22,  T.  11  S.,  R.  27  W.,  the  full  thickness  of  the  purer 
chalk  alx)ve  the  lower  sandy  member  will  not  exceed  25  feet.  Near 
the  east  side  of  sec.  14,  T.  11  S.,  R.  27  W.,  the  entire  chalk  bed  passes 
beneath  the  bottom  of  Plum  Creek. 

The  divide  between  the  sources  of  Plum  and  South  Ozan  creeks  is 
flat,  and  the  chalk  deposits  are  entirely  concealed  beneath  the  soil. 
The  crop  of  the  chalk,  as  indicated  by  the  structure  of  the  rocks, 
would  extend  northeastward  through  sees.  7,  8,  5,  4,  and  3,  in  T.  11  S., 
R.  26  W.,  and  into  Ozan  Creek  bottom.  The  location  of  this  probable 
outcrop  is  shown  in  PI.  III. 

The  chalk  bluff  at  Saline  Ijanding  is  20  feet  in  height  (above  low 
water)  and  about  300  feet  long.  When  visited  by  Mr.  Taff  the  river 
was  at  flood,  so  that  less  than  10  feet  of  the  roc^k  was  exposed  to  view. 
The  lower  portion  of  the  chalk  as  then  exposed  is  white,  massive,  and 
without  distinct  bedding  plan(»s,  the  upper  5  feet  being  weathered  to 
a  chalky  earth.  Specimens  of  the  chalk  were  collected  from  the  water 
level,  which  would  be  near  the  center  of  the  bluff  at  the  usual  low 
stage  of  the  river.  Analysis  10  (p.  Ill)  of  this  chalk  is  nearly  the  same 
as  No.  6,  which  is  of  the  lower  sandy  mem])er  of  the  Whitecliffs 
(Annona)  formation,  and  suggests  that  the  exposure  at  Saline  Landing 
is  in  the  lower  part  of  the  chalk  formation  in  this  area. 

The  chalk  has  been  quarried  for  building  puqK)ses  near  the  top  of 
the  formation  in  the  northwest  corner  of  the  NE.  i  of  SW.  i  set;.  30, 
T.  11  S.,  R.  27  W.  Analysis  11  (p.  Ill)  is  of  fresh  chalk  from  this 
(juarry,  and  shows  it  to  ])e  of  nearly  the  same  composition  as  that  near 
the  top  of  the  chalk  at  Whitecliffs. 

From  the  top  of  the  chalk  in  this  vicinity  there  is  a  gradual  change 
upward  through  about  10  feet  of  marly  chalk  and  then  through  nearly 


104  CEMENT    MATERIALS    AND   INDUSTRY.  [bitll.  243. 

30  feet  of  chalk  marl  into  the  overlying  blue-clay  marl.  The  blue 
niarl  is  continuous  for  175  feet  to  the  base  of  the  Saratoga  chalk  marl. 

The  middle  portion  of  this  chalk  is  exposed  in  the  large  mound, 
which  is  surrounded  by  the  bottom  land  of  Plum  Creek,  in  the  center 
of  the  SE.  i  of  SW.  i  sec.  21,  T.  11  S.,  R.  27  W.,  on  Mr.  J.  E.  John- 
son's place.  Here  also  the  chalk  has  been  quarried,  giving  fresh 
exposures  of  the  rock.  Analysis  12  (p.  Ill)  is  of  fresh  chalk  taken 
from  this  quarry,  and  is  nearly  the  same  as  that  from  the  quarr}'  of 
the  Whitecliffs  Cement  Works. 

The  lower  sandy  member  of  the  chalk  is  freshly  exposed  in  the 
head  of  the  large  dminage  ditch  near  the  middle  of  the  west  side  of  the 
SW.  i  of  NW.  i  sec.  22,  T.  11  S.,  R.  27  W.  Analysis  14  of  this  chalk 
is  practically  the  sjime  as  No.  6,  which  is  of  a  specimen  from  the  lower 
sandy  member  in  the  cliff  at  Whitecliffs  Landing. 

The  upper  and  purer  chalk  member  is  well  exposed  in  the  ditches 
and  chalk  barrens  on  the  lower  ridge  across  the  SW,  i  of  NE.  i  sec. 
22,  T.  11  S.,  R.  27  W. 

The  easternmost  exposure  of  the  chalk  south  of  Plum  Creek  is  in 
the  SE.  i  sec.  14,  T.  11  S.,  R.  27  W.  Here  the  chalk  barrens  in  the 
slopes  of  the  hill  show  the  upper  edge  of  the  chalk  and  the  succeeding 
chalk  and  clay  marl  for  50  feet  above  the  creek  bottom. 

SARATOGA   FORMATION. 

The  Saratoga  chalk,  as  explained  previously,  occurs  nearly  200  feet 
above  the  Whitecliffs  chalk  and  is  separated  from  it  by  more  clayey 
beds. 

This  formation  has  a  maximum  thickness  of  about  50  feet  where 
complete  sections  have  been  found.  The  nature  of  the  deposit  varies 
only  slightly  from  top  to  bottom,  and  there  is  but  little  change  in 
chai*acter  along  its  outcrop  from  the  vicinity  of  Saratoga  near  West 
Saline  River,  in  Hempstead  County,  to  Little  Deciper  Creek  near 
Arkadelphia,  in  Clark  County.  The  Saratoga  marl  is  not  known  in 
this  region  west  of  West  Saline  River,  because  of  erosion  and  of  con- 
cealment by  Neocene  gravel  and  sand  in  the  highlands  and  by  Pleis- 
tocene alluvium  and  silt  in  the  lowland  and  river  bottoms. 

General  section  of  the  Saratoga  chalk  marl. 

Feet. 
I.  Continuing:  upward  from  2  the  chalky  rock  l)ecomefi  more  sandy  through 

imi>eroei>tible  graders  to  limy  greensand  at  the  top  of  the  fonnation. 

Analyst's  from  the  chalk  near  the  central  part  of  this  member  show  it 

to  contain  from  40  to  50  per  cent  of  silica 20-30 

13.  Cicncrally  ovcu-toxtured  chalky  marl,  which  contains  less  sand  than  the 

be<lH  higher  in  the  formation.     Chemical  analyftes  of  chalk  from  this  bed 

show  it  to  contain  al)out  81  \}er  cent  of  siliceous  matter.     The  sand  in 

this  marl  is  perceptibly  finer  and  the  rock  is  more  chalky  in  ap|)earance 

than  in  other  part*?  of  the  formation 10-15 
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Feet. 

3.  »Sandy  clayey  chalk,  which  contains  great  niimlKjrs  of  the  fossil  oyster 
(irii})h:va  rmrnlnris.  These  f()s><ilH  are  foiuul  in  the  marls  some  distance 
both  above  and  l^elow  this  formation,  but  in  no  other  IhhI  of  riK'k  in  this 
region  have  they  l)een  found  in  such  abundance.  In  natural  exposures 
the  chalk  weathers  from  about  them  so  that  they  usually  almost  cover 
the  surface  of  the  ground  or  are  scattered  in  the  soil.  This  shell  lK*d  at 
the  Ijase  of  the  formation  is  such  a  marked  feature  that  when  it  is  once 
swni  it  may  be  easily  recojjnize«l  a^in.  This  shell  l>e<i  crojM  at  the  north 
Ixmler  of  the  »^ratoga  marl  and  throujrhout  its  extent 3-d 

The  Saratoga  marl  is  a  massive  bed  of  dull-bluish,  sandy,  chalky 
rock.  Exposures  do  not  usually  show  distinct  bedded  structure, 
thoujifh  a  slight  variation  in  weathered  surfaces  may  indi(»ate  the  direc- 
tion of  the  dip  of  the  rock.  As  the  rock  weathers  it  changes  in  color 
from  dull  blue  to  shades  of  grayish  and  creamy  white.  Its  hardness 
and  general  physical  appearance  are  almost  identically  the  same  as 
those  of  the  lower  sandy  member  of  the  Whiteclitfs  chalk.  It  breaks 
in  rudely  conchoidal  flakes  and  crumbles  at  the  tap  of  the  hammer. 
Small  pieces  of  the  fresh  rock  may  be  broken  by  the  hand  and  crum- 
bled to  dust  l)etween  the  fingers,  but  not  without  some  difficulty. 

WASHINGTON  AREA. 

The  rock  section  is  well  exposed,  as  illustrated  in  the  section. 

Section  north  of  Saratoga, 

Feet. 

1.  From  the  level  of  Saratoga  down  to  Saratov  marl,  surficial  deposit  of  fine 

yellow  sand,  about 40 

2.  Saratopi  chalk  exiM>sed  in  brink  of  hill  north  and  east  of  Saratopi  and  in 

knob  one-half  mile  north  of  Saratojja,  lower  l)eds  of  the  formation 20 

3.  Limy  blue-clay  marl 1 75 

This  marl  is  exposed  around  the  base  of  the  hill  at  Sarato*r«i,  an«l  in  the 
cultivated  lands  IJ  miles  north  of  the  town  it  l)ecomes  gradually  more 
chalky  downward  from  the  top  to  its  contact  with  the  chalk  marl  below. 

4.  Bluish  friable  chalk  marl 2lKiO 

This  is  the  gradation  be<l  from  the  blue  marl  al)ove  into  the  ])urer  chalk 
below. 

5.  White  chalk  in  the  Saline  Landing  area. 

Thick  deposits  of  sjind  cap  the  hill  at  Saratoga,  concealing  all  of  the 
chalk  rock  except  the  lower  beds  in  the  slopes  east  and  northeast  of 
the  town. 

The  lower  part  of  the  Saratoga  chalk  outcrops  in  a  considerable 
area  on  Mr.  Jones's  place  in  the  NH  \  sec.  35,  S\V.  i  sqv.  25,  and 
SW.  i  sec.  30,  T.  US.,  K.  27  W.     The  chalkv  ovster-shell  bed  at  the 

^  T  ■  ft  • 

base  of  the  formation  is  well  exi)osed  north,  south,  and  west  of  the 
house,  which  is  in  the  NE.  \  of  NE.  \  sec.  35. 

Samples  of  the  chalk  were  taken  from  the  top  of  the  oyster-shell 
bed  near  the  btwe  of  the  formation,  and  are  not  physiailly  different 
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from  the  same  bed  examined  at  other  localities  in  this  area.  The 
fresh  rock  is  grayish  white  and  sandy. 

The  shell  bed  at  the  base  of  the  formation  is  exposed  at  the  edge  of 
the  highland  near  the  Columbus-Albrook  road,  1  mile  northwest  of 
Columbus.  The  same  bed  is  exposed  also  at  the  crest  of  the  highland 
1  mile  north  of  the  town.  The  chalk  marl  highest  in  the  formation 
occurs  in  the  cultivated  fields  between  the  outcrop  of  the  shell  bed 
and  the  town. 

From  the  vicinity  of  Columbus  eastward  to  the  end  of  the  forma- 
tion in  the  Washington  area  the  whole  of  the  Saratoga  formation 
outcrops  or  is  covered  only  lightly  by  soil.  Throughout  this  extent 
the  basal  shell-bed  member  of  the  ciialk  marl  is  almost  continuouslv 
exposed,  except  in  the  immediate  bases  of  the  valleys,  and  may  be 
easily  located  through  the  open  fields  by  means  of  the  abundant  shells 
weathering  upon  the  surface. 

Between  Columbus  and  the  railroad  north  of  Washington  the  chalky 
marl  was  not  found  to  outcrop  more  than  30  feet  in  thickness,  and 
usually  10  to  20  feet  of  the  lower  part  was  all  that  was  exposed. 

The  overlying  greensand  marl  is  more  finable  than  the  Saratoga 
chalk  marls,  and  its  soil  descends  and  conceals  the  contact  between 
the  two  as  well  as  the  upper  part  of  the  latter.  A  section  of  the 
Saratoga  marl  with  better  exposures  than  are  usually  found  occurs 
along  the  railroad  north  of  Washington. 

The  north  out  on  the  railroad  is  in  a  blue  clav-marl  30  to  60  feet 
below  the  base  of  the  Saratoga  formation.  It  is  10  feet  deep  and 
about  300  feet  long.  The  marl  in  this  cut,  which  was  originally  blue, 
is  weathered  a  creamy  yellow  to  a  depth  of  about  8  feet.  It  is  tran- 
sected by  many  joints,  which  pass  nearly  vertically  across  the  bedding 
and  continue  down  below  the  base  of  the  cut.  Along  these  joints, 
even  below  the  zone  of  general  weathering,  the  blue  color  of  the  marl 
is  changed  to  j^ellow  for  a  distance  of  seveml  inches. 

Analysis  15,  page  111,  is  of  the  unchanged  blue  marl  from  the  base 
of  the  cut,  10  feet  below  the  soil.  The  fresh  marl  is  friable  when  dry 
and  plastic  when  wet.  It  has  a  very  tine  texture  and  contains  scarcely 
perceptible  grit,  yet  the  analysis  shows  it  to  contain  43  per  cent  of 
silica  and  6.5  per  cent  of  clay.  Nearly  40  per  cent  of  this  silica  is  in 
the  form  of  impalpable  sand. 

The  shell  bed,  the  base  of  the  Saratoga  formation,  is  exposed  in  the 
field  southwest  of  this  railroad  cut.  The  middle  cut  is  one-third  of  a 
mile  south  of  the  north  cut  and  is  in  the  lower  part  of  the  Samtoga 
chalk  above  the  oyster-shell  bed.  This  cut  is  300  feet  long  and  but 
a  few  feet  deep,  exposing  an  estimated  thickness  of  15  feet  of  rock. 
The  structure  of  the  rock  indicates  a  low  inclination  toward  the  south, 
but  is  not  sufficiently  clear  to  determine  the  degree  of  dip.  Ditchas 
above  the  south  end  of  the  cut  expose  about  25  feet  of  chalk  marl 
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above  thsit  at  the  railroad,  making  the  whole  section  of  rock  exposed 
at  this  place  nearly  40  feet.  Very  little  change  in  the  nature  of  the 
rock  could  he  noted  in  this  section. 

Analysis  It)  is  of  the  fresh  chalk  rock  near  the  center  of  the  middle 
cut,  from  the  lower  and  more  chalky  part  of  the  formation,  and  shows 
that  this  marl  contains  less  than  one-half  the  amount  of  silica  found  in 
the  blue  marl  40  feet  below,  though  in  physical  appearance  it  is  more 
sjindv. 

One-half  mile  south  of  the  middle  cut  and  a  few  hundred  feet  north 
of  the  south  cut  the  top  of  the  Saratoga  marl  is  exposed  in  a  ditch  at 
the  railroad.  The  sandy  marl  in  this  exposure  is  but  little  above  the 
chalky  marl  at  the  top  of  the  exposure  opposite  the  middle  cut.  It 
is  massive,  dull  blue,  and  very  sandy,  approaching  a  sandstone  in 
c<)mpositi(m. 

The  south  cut,  which  is  about  2  miles  north  of  the  town  of  Wash- 
ington, is  in  the  lower  part  of  the  greensand  marl  which  overlies  the 
Saratoga  formation.  This  cut  is  about  30  feet  deep  and  about  300 
feet  long.  From  the  surfac^e  downward  about  20  feet  the  greensand  is 
weathered  from  dark  blue  or  greenish  blue  to  shades  of  dull  brownish 
yellow.  Unaltered  marl  was  collected  from  near  the  base  of  the  cut, 
and  its  composition  is  shown  in  analysis  17.  Physically  it  is  very 
sandy,  and  the  anal^^sis  shows  that  it  contains  75.77  per  cent  of  silica 
and  5.72  per  cent  of  lime.  Similar  greensand  marl  occurs  between 
this  cut  and  Washington,  and  its  thickness^  is  estimated  to  be  more 
than  100  feet.  '         *        . 

From  the  railroad  eastward  to  the  end  of  the  formation  in  this  area, 
in  sec.  20,  T.  10  S.,  R.  24  W.,  the  Saratoga  chalk  crops  in  an  irregu- 
lar !)olt  one-half  to  three-fourths  mile  wide,  making  an  intermediate 
upland,  marked  by  projecting  ridges  and  spurs  betw^een  the  high  tim- 
iHM'ed  greensand  country  on  the  south  and  the  flat  black  land  of  the 
clay  marls  l>ordering  Ozan  Creek  bottom  on  the  north. 

OKOLONA   AREA. 

This  area  is  in  the  southwestern  part  of  Clark  County,  south  and 
east  of  Okolona,  between  the  bottom  lands  of  Antoine  and  TerrjB  Noire 
creeks. 

The  Saratoga  chalky  beds  at  the  crest  of  the  ridge  south  of  Okolona 
are  50  to  150  feet  above  the  lowland  to  the  west  and  south.  The  crest 
of  this  ridge  slopes  southward  with  the  dip  of  the  rock,  which  is  nearly 
50  feet  per  mile. 

East  of  Okolona  the  chalky  marl  forms  a  triangular  area  of  rolling 
upland  about  3  square  miles  in  extent. 

The  stream  which  rises  in  the  southwest  part  of  the  town  and  flows 
southeastward  past  the  railroad  stjition  separates  the  area  south  of  the 
town  from  that  east  of  it.     It  is  probable  that  these  two  areas  are 


.^ 
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connected  by  narrow  ])and8  of  outcropping  marl  which  extend  down 
the  sides  of  the  valley  about  2  miles  southeast  of  the  village. 

The  Saratoga  chalk-marl  is  partially  exposed  near  the  crest  of  the 
escarpment  north  of  the  Okolona-Doby ville  road,  from  the  east  side 
of  sec.  30,  T.  8  S.,  R.  21  W.,  to  the  edge  of  the  Terre  Noire  bottom, 
H  miles  eiist  of  Doby  ville. 

The  Saratoga  marl,  near  the  middle  of  the  formation,  is  w^ell  exposed 
toward  the  top  of  the  ridge  at  the  forks  of  the  road,  1^  miles  south  of 
Okolona.  In  physical  appearance  this  rock  is  the  same  as  that  at  the 
middle  of  the  fonuation  in  the  vicinity  of  Washington.  It  is  massive 
and  dull  blue  on  fresh  exposure  and  weathers  to  shades  of  drab  or 
light  yellow.  Analysis  19,  page  111,  shows  that  the  chalk-marl  in  this 
locality  contains  nearl}'  48  per  cent  of  silica  and  49  per  cent  of  calcium 
carbonate. 

Two  and  one-half  miles  south  of  Okolona  and  one-fourth  of  a  mile 
west  of  the  roiui,  on  the  Mat  Hardin  place,  deep  gullies  expose  the 
lower  20  feet  of  the  Sai'atoga  marl  as  well  as  the  blue  mafl  below. 
The  Gri/phwu  ve^iculurla  bed  is  well  marked,  but  the  fossils  are  a  little 
less  abundant  than  in  the  Washington  area,  20  miles  farther  west.  In 
the  lower  10  feet  of  the  formation  the  chalk-marl  is  finer  in  texture 
and  more  chalky  than  in  the  higher  l)eds.  The  result  of  an  analysis 
of  chalk  from  this  place  is  given  as  No.  21,  page  111,  and  shows  that 
the  amount  of  silica  is  nearly  10  per  cent  less  than  in  the  marl  near 
the  middle  of  the  formation. 

Numerous  other  exposures  of  the  lower  part  of  the  formation  occur 
in  the  gullies  and  slopes  of  the  hill  on  the  west  side  of  the  ridge,  where 
the  land  was  once  cultivated.  The  top  of  the  Saratoga  marl  passes 
beneath  the  bottom  land  of  Little  Missouri  River,  about  8  miles  south 
of  Okolona. 

Five  miles  south  of  Okolona  the  greensand  marl,  which  belongs 
above  the  Saratoga  chalk,  forms  the  bluffs  from  the  level  of  the  Little 
Missouri  l)ottom  up  to  the  top  of  the  ridge.  This  is  the  greensand 
formation  which  occurs  between  Washington  and  the  Saratoga  chalk 
in  Hempstead  County. 

About  20  feet  of  the  middle  portion  of  the  formation  is  exposed  in 
the  Okolona-Cxarden  road,  1  mile  e^st  of  Okolona. 

In  the  high  rolling  country  east  of  Okolona  the  Saratoga  chalk- 
marl  is  generally  concealed  beneath  its  own  soil  or  beneath  sand  of 
Neocene  age. 

The  lower  beds  of  the  chalk  outcrop  in  the  Okolona-Dobvville  road, 
2  miles  west  of  Doby  ville,  and  at  several  other  places  in  the  top  of  the 
escarpment  between  Okolona  and  Dobyville. 

One-fourth  of  a  mile  north  of  Joseph  Doby's  house,  at  Dobyville, 
the  full  section  of  the  Saratoga  chalk-marl  is  exposed  in  an  old  field. 
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Following  i8  a  section  of  Saratoga  chalk-marl  at  Dobyvillc: 

Section  at  DobyviUe. 

Fcset, 

1 .  Gravel,  re<ldi8h  and  yellow  stratified  clays i .        20 

2.  Blue  marl J 15 

3.  Dull-bluish  chalky  marl 35 

This  marl  is  slightly  indurated  at  the  top  and  contains  numerous  casts 
of  bivalve  shells  and  gastropods.     It  is  a  calcareous  sandstone  at  the  top. 
The  beds  become  more  chalky  downward,  until  the  lower  part  of  the 
chalky  marl  is  found  to  be  the  same  in  nature  as  that  described  as  occur- 
ring south  of  Okolona  and  in  the  Washington  area. 

4.  Even-textured  chalk-marl,  with  Gryplisea  vesictUaris  shells  at  the  base 15 

This  member  contains  more  chalk  than  those  above  and  has  finer  tex- 
ture. In  places,  also,  very  fine  particles  of  greensand  were  noted  dissem- 
inated through  the  marl. 

5.  Fine-texture<i  blue  clay  marl. 

This  is  the  upper  part  of  the  150  to  200  feet  of  blue  marl  which  lies 
between  the  Whitecliffs  chalk  formation  and  the  Saratoga  chalk-marl. 

From  the  vicinity  of  Okolona  eastward,  the  outcrop  of  the  Saratoga 
marl  descends  gradually  from  the  brink  of  the  escarpment  to  the  level 
of  the  river  bottom,  nearly  2  miles  east  of  Doby  ville. 

DECIPER  ABfiA. 

The  next  known  occurrence  of  the  Saratoga  chalk-marl  east  of  Oko- 
lona is  on  Big  Deciper  and  Little  Deciper  creeks,  3  to. 5  miles  west  of 
Arkadelphia. 

The  occurrence  of  the  Saratoga  chalk  on  the  Deciper  creeks  is 
confined  to  outcrops  in  the  middle  and  lower  slopes  of  the  valley  near 
the  Arkadelphia-Dobyville  and  Arkadelphia-HoUywood  roads.  The 
general  location  of  the  outcrop  is  shown  in  PI.  III. 

Near  the  center  of  sec.  28,  T.  7  S.,  R.  20  W.,  on  the  Bozeman  place, 
one-third  of  a  mile  northeast  of  the  house,  about  30  feet  of  the  Saratoga 
chalk-marl  is  exposed,  as  follows: 

Section  of  the  Siiratoga  chalk-marl  at  the  Bozeman  place,  beginning  at  the  base. 

1 .  Randy  soil  to  the  top  of  the  ridge.  Feot. 

2.  Chalky  marl,  more  sandy  than  that  of  3 10-15 

The  sandy  element  in  this  marl  increases  in  quantity  upward. 

3.  Even-textured  blue  c^halk-niarl 15 

.   *        This  clalk  contains  a  sprinkling  of  fine  greensand,  and  in  all  respectj^ 

is  the  same  as  the  lower  15  feet  of  the  formation  at  Dobyville  and  Okolona. 
Analysis  No.  24  shows  that  this  marl  contains  about  30  per  cent  of  sand 
and  61  per  cent  of  chalk. 

4.  Gryphmx  vesicularis  hIicII  marl 1-2 

The  limite  of  this  shell  Ijed  are  not  sharply  marked.  Through  1  to  2 
feet  of  the  marl  at  the  ba.se  the  shells  are  abundant,  and  in  it  is  a  thin 
layer  of  sliells  indurateil  by  calcareous  matrix. 

5.  The  blue  marl  from  the  Gryphna  veidcularis  shell  bed  downward;  exjKjsed  .        15 
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At  two  points,  one  of  them  one-fifth  of  a  mile  northeiist  and  the 
other  500  feet  east  of  the  Bozeman  house,  the  chalkj^  marls  occur  higher 
in  the  formation  and  are  still  more  sandy  than  that  of  No.  4  in  the  sec- 
tion given  on  page  109.  These  outcrops  are  in  the  heads  of  narrow 
gulches  which  descend  to  the  Deciper  Valley.  At  the  locality  500  feet 
east  of  the  house  the  marl  is  very  sandy,  partiall}"^  indurated,  and  con- 
tains numerous  casts  of  fossils  similar  to  those  found  near  the  top  of 
the  formation  at  Dobyville.  The  exposures  here  show  about  10  feet 
of  marl  and  are  just  below  the  springs  which  flow  from  the  base  of  the 
stratified  yellow  sands  and  blue  clays. 

About  10  feet  of  interstratified  sand  and  clay  is  exposed  above  the 
sandy  marl,  and  then  follows  an  overwashed  3'ellow  sandy  soil  to  the 
top  of  the  hill,  40  feet  above. 

One-fourth  of  a  mile  southeast  of  Mount  Bethel  Church,  near  the 
northeast  corner  of  sec.  33,  T.  7  S.,  R.  20  W.,  beds  similar  to  those 
east  of  the  Bozeman  house  are  exposed.  Here  a  spring  issues  from 
the  contact  between  the  chalk-marl  and  the  overlying  sand  and  blue 
clay.     The  top  of  the  marl  is  70  feet  below  the  crest  of  the  hill. 

The  chalky  sand  of  the  upper  part  of  the  Saratoga  formation  is 
exposed  on  the  Arkadelphia-Okolona  road,  on  the  west  bank  of  Big 
Deciper  Creek,  near  the  middle  of  sec.  34,  T.  7  S.,  R.  20  W.,  as  well 
as  in  the  bluff  of  the  creek  near  by.  The  top  of  the  sandy  marl,  which 
stands  here  20  feet  above  the  creek,  contains  exists  of  fossils  as  at  the 
l^zeman  place,  and  is  overlain  also  by  the  same  kind  of  int(^rstratified 
sand  and  clay. 

Twenty  feet  of  the  even-textured  lower  and  more  chalky  meml)cr 
of  the  Saratoga  chalk-marl  is  exposed  in  the  road  cut  on  the  Arka- 
delphia-Okolona road,  100  yards  west  of  Little  Deciper  Cieek. 

Sand  and  clay  conceal  the  higher  beds  of  the  chalk-marl.  The  Gnj- 
phma  vesiouhirls  bed,  with  underlying  blue  marl,  outcrops  a  few  feet 
above  the  creek  bottom. 

One-half  mile  above  the  road,  on  the  Wright  place,  the  lower  30  feet 
of  the  Saratoga  formation  is  exi)osed  in  the  gullies  at  the  west  side  of 
the  creek  bottom.  The  lower  10  to  15  feet  of  the  marl  is  identically 
the  same  as  that  found  at  the  road  and  on  the  Bozeman  place  west  of 
Big  Deciper  Creek,  as  shown  in  analysis  2(1,  page  ill.  The  basal 
member  of  the  chalk-marl,  containing  the  same  indurated  shell  bed, 
outcrops  here  at  about  10  feet  above  the  creek  bottom,  and  below  it 
is  the  blue  marl.  Yellow  sandv  clavs  overlie  the  chalkv  marl  here,  as 
in  the  exposures  noted  on  Big  Deciper  Creek. 

At  the  east  side  of  the  creek  l)ott-om,  on  the  Arkadelphia-Okolona 
road,  and  northward  through  the  Haskins  place,  the  lower  part  of  the 
chalk-marl  is  exposed  in  gullies  in  an  abandoned  field. 
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ANALYSES. 

lffst'8  of  chalk  and  chalk  m 

larlfrom  «oi 
Lime  (CaO). 

uUiwesteni  j- 

Wkansas.  ^ 

Silica 
(810..)  and 
insofuble.f' 

6. 15 

Ferric  oxide 

and  alumina 

(Fe-Os+AljOg). 

Maj^esia 

(MgO). 

0.33 

Equal  to 

lime 

carbonate 

(CaCOa). 

Equal  to 

magne8ium 

cartK)nate 

(MgCOa). 

5.79 

46.81 

83.60 

0.69 

25. 13 

3.90 

35.81 

.61 

64.32 

1.28 

8. 53 

1.22 

48.50 

.38 

86.60 

.78 

7.32 

1.26 

49.94 

.32 

89.17 

.67 

27.28 

5.00 

34.81 

.61 

62.16 

1.28 

12.67 

1.93 

45.56 

.43 

81.35 

.90 

6.83 

.95 

50.41 

.22 

90.01 

.46 

7.86 

1.30 

49. 55 

.28 

88.48 

.58 

7.97 

1.09 

49.64 

.35 

88.64 

.73 

14.68 

2.15 

45.03 

.44 

79.40 

.92 

4.91 

.93 

51.78 

.30 

92.46 

.63 

7.35 

1.06 

49.66 

.34 

88.67 

.71 

;«.76 

5.18 

29.10 

.71 

51.95 

,  1.49 

12.65 

1.66 

45.85 

.49 

81.87 

1.02 

43.09 

6.55 

22.77 

.92 

40.65- 

1.93 

21.90 

2.35 

40. 57 

.59 

72.41 

1.23 

75.  77 

5.46 

5.72 

.91 

10.21 

1.91 

30.68 

4.91 

32.60 

.48 

58.22 

1.00 

43.  V2 

2.76 

27.95 

.42 

49.90 

.88 

;i5. 16 

2.85 

32.  75 

.43 

58.48 

.90 

31.05 

3.46 

32. 18 

.69 

57.41 

1.44 

31.01 

2.93 

34. 63 

.50 

61. 83 

1.05 

36.17 

5.37 

29.16 

.48 

52.06 

1.00 

32.  26 

7.05 

17.24 

.63 

30.78 

1.32 

30.  84 

3.73 

34.31 

.60 

61.26 

1.26 

:^.2^) 

3. 31 

34.77 

.55 

62.08 

1.15 

a  By  ehcmi8t«  of  the  United  States  Geological  Survey. 

b  "  ln»t)luble"  refers  to  insoluble  in  IICl.    The  other  columns  refer  to  the  soluble  portions  only. 


References  to  analyses.  . 
Rocky  Otnijort  area. 

1.  SW.  i  of  SW.  A  sec.  32,  T.  12  8.,  R.  32  W..  2  miles  southwest  of  Rocky  Comfort.    White  chalk 

near  the  miadle  of  the  chulk  formation. 

2.  NE.  i  of  NE.  J  sec.  30.  T.  12  S.,  R.  32  W.,  2  miles  west  of  Rocky  amifort.    The  chalky  marl 

immediately  below  the  white  chalk. 

3.  Rooky  Comfort,  Little  River  County,  Ark.,  near  the  NE.  corner  of  NE.  i  sec.  28,  T.  12  S.,  R.  32 

W.,  from  lower  middle  part  of  the  white  chalk  formation. 

4.  Same  locality  as  3,  from  the  lower  part  of  the  white  chalk  formation. 

IVhiierUffs  area. 

6.  NE.  i  of  NE.  i  sec.  35.  T.  11  S.,  R.  29  W.,  top  of  the  lower  sandy  marl  bed  beneath  the  white 
chalk. 

6.  Chalk  bluff,  Whitecliffs  Landing,  near  the  middle  of  the  bluff  in  the  lower  part  of  the  white 

chalk. 

7.  Chalk  blulT,  Whitecliffs  Landing.  15  feet  above  the  base  of  the  purer  white  chalk. 

8.  Chalk  bluff,  Whitecliffs  Landing     White  chalk  10  ft^'t  below  the  top  of  the  cliff. 

9.  Cement  works,  Whitecliffs  Landing.    Average  of  the  lower  35  feet  of  the  purer  white  chalk 

in  the  quarry  at  the  cement  works. 
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Saline  Landinfj  arm. 

10.  Saline  Uindiiif;,  Uoward  (■ouiitv,  Ark.    Sec.  35,  T.  11  S..  R.28  W..  from  the  middle  of  the  chalk 

bluff. 

11.  NW.  corner  of  the  NE.  i  of  SW.  i  soc.  :I0,  T.  11  S.,  R.  27  W.    White  chalk  from  very  near  the 

top  of  the  chalk  formation. 

12.  Near  the  center  of  the  .SE.  {  of  SW.  J  Mec.  21,  T.  11  S..  R.  27  W.,  from  near  the  middle  of  the 

white  chalk. 

13.  Near  the  baw  of  the  knob  1  mile  N.  15°  E.  from  8a ra toga.  Ark.    Chalky  blue  marl  100  feet 

aliove  the  top  of  the  white  chalk. 

14.  Near  the  center  <if  the  ea.v«t  side  of  the  SW.  i  of  NW.  i  sec.  22,  T.  11  S.,  R.  27  W..  from  the  lower 

part  of  the  white  chalk. 

Washinolfm  area. 

15.  North  cut  on  the  railroad,  about  3  miles  north  of  Washington,  Ark.    Chalky  blue  marl  40  feel 

below  the  base  of  the  Saratoga  chuIk-niArl. 

16.  Middle  cut  on  the  railroad,  about  21  miles  north  of  Wa.shington,  Ark.,  fnmi  the  center  of  the 

cut  in  the  lower  pari  of  the  Saratr»pi  chalk-marl. 

17.  South  cut  on  the  railroad,  about  2  miles  north  of  Washington,  Ark.,  from  the  green  sand  marl 

in  the  center  of  the  cut. 

18.  SE.  i  sec.  25.  T.  10  8..  R.  25  W..  head  of  Morisett  ditch,  from  bluish  chalky  marl,  alx)ut  150  feet 

below  the  Saratoga  chalk-miirl. 

Ohdfnta  arra. 

19.  Forks  of  roa<l.  U  miles  south  of  Okolona,  Ark.,  from  middle  of  Saratoga  chalk-marl. 

20.  SE.  J  sec.  4,  T.  9  S.,  R.  22  W..  about  i  mile  southwest  of  Okolona,  from  Nindy  marl  bed  at  base 

of  the  WhlteelifTs  chalk  formation. 

21.  21  miles  south  of  Okolona.  on  the  Mat.  Hardin  place,  from  the  lower  15  feet  of  the  Saratoga 

chalk-marl. 

22.  Same  hxralitv  as  21.    Saratoga  chalk-marl  16  feet  above  the  Imse. 

23.  SE.  i  sec.  4,  T.  9  8..  R.  22  W..  about  U  miles  south  of  Okolona,  yellowish  chalky  marl  about 

midway  between  the  Whitecliffs  and  Sanitoga  formations. 

Dccijtt'r  arra. 

_  Bozeman'spi      .  . 

from  the  bluish  chalky  marl  4  feet  l>elow  the  ba.se  of  the  Saratoga  chalk-marl. 


24. 


I.  L.  Bozeman's  place,  k  mile  northeast  of  Ihe  house,  in  the  NW.  J  of  sec.  28,  T.  7  8.,  R.  20  W., 


25.  Same  locality  as  24.  fmm  Saratoga  chalk-marl  10  feet  al)Ove  the  base. 

26.  Little  De<'iper  ('n.*ek  at  Okolona-Arkadelphia  road,  from  Saratoga  chalk-marl  about  10  feet 

above  the  ba.se. 

TERTIARY  AND  CARBONIFEROUS  CLAYS  AND  SHALES. 

The  information  below  on  clays  is  from  a  publication  on  Cement 
Materials  of  Southwest  Arkansas,  by  Doctor  Branner/' 

In  no  case  are  the  surface  clays  found  in  the  immediate  vicinity  of 
the  chalk  deposits  to  be  depended  upon.  Such  clays  are,  as  a  rule, 
too  sandy,  and  are  not  of  uniform  composition.  Reference  is  here 
made  especially  to  the  sandy  days  overlapping  the  chalk  beds  to  the 
north  and  east  of  Rocky  Comfort,  and  the  clays  of  the  bottom  lands 
south  and  west  of  Whitecliffs,  and  those  south,  north,  and  west  of  the 
chalk  exposures  at  Saline  Landing.  Fortunately  the  Tertiary  rocks 
which  overlap  the  Cretaceous  ones  to  the  south  and  east  contain  an 
abundance  of  excellent  clays  available  for  the  manufacture  of  cement. 
Some  of  these  clay  beds  are  utilized  for  the  manufaiaure  of  pottery  at 
Benton'  and  Malvern  (Perla  switch).  There  are  many  other  deposits 
on  and  near  the  railway  a))out  Arkadelphia,  Malvern,  between  Mal- 
vern and  Benton,  ])etween  Benton  and  Bryant,  at  Olsens  switch,  and 
at*  Mal)elvale.     At  Little  Rock  there  are  extensive  ])eds  of  both  clavs 

ft. 

and  clay  shales,  while  beds  of  shale  may  be  found  along  the  line  of  the 
Little  Rock  and  Fort  Smith  road  to  Fort  Smith  and  beyond. 

The  Tertiary  clays  at  Benton,  Bryant,  Olsens  switch,  Mabelvale,  and 
Little  Rock  are  all  nearly  horizontal  beds,  dipping  gently  toward  the 
southeast.  The}'  can  be  had  in  many  places  by  stripping  off  a  few  feet 
of  post-Tertiary  gravel  and  soil;  but  in  places  the  covering  is  too  thick 
to  be  removed,  and  the  clays  can  ]>e  obtained  only  by  a  s^'stem  of  drifts. 


uTrauii.  Am.  Inst.  Mhi.  Kng.,  vol.  27.  ISUT,  pp.  42-C3, 
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LOCATION   OP  CLAYS. 


Only  a  few  of  the  many  known  localities  are  hero  mentioned.  On 
account  of  the  geographic  relations  to  the  chalk  bcd^,  only  those  plac*es 
convenient  to  railway  transportation  along  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  southwest  of  Little  Roi*k  are  spoken  of  in 
this  paper.  Should  a  factory,  on  account  of  fuel  or  for  other  reasons, 
be  located  west  of  Little  Rock,  clays  derived  from  the  Carboniferous 
clay  shales  would  have  to  be  used.  Of  the&e  there  is  no  lack  l>etween 
Little  Rock  and  Fort  Smith. 

There  are  two  general  classes  of  clays  at  Little  Rock  available  for 
cement  manufacture:  (1)  The  Tertiary  clays  that  occur  in  horizontal 
beds  in  the  southern  and  southwestern  part  of  the  city;  and  (2)  the 
Carboniferous  clay  shales  exposed  in  the  railway  cuts  along  the  south 
bank  of  Arkansas  River,  in  the  cuts  west  of  the  town,  and  in  others 
west  of  Argenta. 

There  are  other  clays  about  Little  Rock  and  Argenta,  such  as  the 
chocolate-colored  clays  along  the  margins  of  the  river  bottoms,  and 
the  pinkish  clays  forming  the  high  river  terraces  and  used  for  making 
bricks  on  the  north  side  of  the  river;  but  these  latter  two  kinds  of 
claj's  are  not  available  for  cement  manufacture,  partly  because  tliey  are 
too  sandy,  but  also  because  they  are  not  homogeneous.  An  analysis 
of  the  pink  clay  of  Argenta  shows  it  to  contain  more  than  88  per 
cent  of  silica. 

The  Carboniferous  clay  shales  are  well  exposed  in  the  railway  cut 
near  the  upper  bridge,  and  where  the  electric  power  house  stands. 
Similar  shales  may  be  found  here  and  there  over  a  large  part  of  Pulaski 
County,  within  the  Carboniferous  area. 


COMPOSITION   OF  CLAYS. 


The  following  analyses  show  the  composition  of  the;  clays.  These 
analyses  are  of  representative  samples.  Most  of  them  contain  some 
sand,  usually  quite  fine.  In  those  cases  in  which  the  percentage  of 
sand  is  given  the  analyses  are  of  the  washed  clay. 

Analyses  of  Carboniferous  shales  frorn  Arkansas. 


SiIk«(SiO,) 

Alumina  ( AI2O3) . . . 
Iron  oxide  (Fe^Os) . 

Lime  (CaO) 

Magnesia  (MgO) . . . 
Socla(Na,0) 

Bull.  243—05- 


1 

53.30 

23.29 

9. 52 

.36 

1.49 

2.76 

8 


62.  3(5 

25.  52 

2.16 

.51 

.29 

.66 


58. 43 

22.  50 

8.36 

.32 

1.14 

1.03 


6 


65.12 

57.12 

55.  3() 

51.30 

69.  34 

19. 05 

24.  32 

26.  96 

24.  (}9 

22.  56 

7.66 

8.21 

5.  12 

10.57 

1.41 

.34 

.72 

.30 

.32 

Trace. 

.31 

1.74 

1.16 

.  63 

Trace. 

.85 

.53 

1.03 

.72 

2.31 
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Analyses  of  Carboniferous  shales  from  Arkansas— GonthnneiX. 


1 

2 

8 

2.18 
6.87 

4 

1.23 
6.12 

5 

6 

7 

2.18 
9.11 

8 

PotAfih(K,0) 

Water 

1.36 
5.16 

1.90 
5.32 

1 
2. 07       2. 69 

7.58  1     7.90 

1 

0.04 
5.12 

Total 

100.48 

98.72 

100.52 

Rand  in  air-dried  clay 

-  - 

21.88 

1          ; 

1 

1.  Clay  shale  from  railroad  cut  at  south  end  of  upper  bridgru,  Little  Rock. 

2.  Decayed  shale  from  Iron  Mountain  railroad  cut  at  crossing  of  Mount  Ida  road,  Little  Rock. 
8.  Clay  shale  from  Nigger  Hill,  Fort  Smith. 

4.  From  Harding  &.  Boucher's  <iuarry,  Fort  Smith. 

6.  Clay  shale  from  Round  Mountain,  White  County,  sec.  G,  T.  5  N.,  R.  10  W. 

6.  From  Clarksville,  e«ist  of  college. 

7.  From  SE.  {  of  SW.  \  see.  31,  T.  10  N..  R.  23  W. 

8.  From  NW.  J  sec.  23,  T.  1  N.,  R.  13  W. 

Analyses  of  Tertiary  clays  from  Arkansaa. 


Silica 
(SiOv). 


1 

63.07 

2 

72.44 

3 

69.95 

4 

5 

71.09 
65.27 

6 

64.38 

7 

63.19 

8.   

64.49 

9 

67.90 

10 

48.34 

11 

62. 34 

12 

68.03 

13 

63.29 

14 

76.33 

15 !•. 

75.99 

16 

73.24 

1 

17 

45.28 

Alumina 
(AlgOs). 


23.92 
18.97 
22.34 
19. 86 
18.75 
17.29 
18.  76 
23.86 
22.07 
34.58 
20.63 
17.19 
18.19 

16.04 
16.12 
19.61 

37.  39 


Iron  oxide 

(Fe,03). 

Lime 

(CaO). 

Mag- 
nesia 

(MgO). 

ScKla 

(Na-0). 

L08 

Potash 

(K3O). 

1.15 

Water. 

Titanic 
acid. 

1.94 

0.23 

1 

Trace. 

7.07 

1.59 

.18 

Trace. 

.91 

1.35 

5.39 

1.44 

Trace,        .08       1.18 

1.28 

5.98 

1.81 

.11    1      .81 

1.46 

5.67 

7.34 

.81 

1.26 

.81 

1.10 

6.88 

8.25 

1.11 

.80 

.42 

1.41 

6.95 

7.05 

.78 

1.68 

1.60 

.21 

7.57 

2.11 

.31 

Trace. 

1.82 

.11 

8.11 

1.33 

.05 

.59 

.38 

1.15 

6.86 

1.65 

.81 

Trace. 

1.26 

.44 

12.94 

I.ri6 

3.34 

.17 

.67 

.33 

.73 

9.34 

1.49 

3.00 

.81 

1.00 

.64 

1.00 

6.31 

6.45 

.31 

2.44 

Tracts. 

.56 

5.40 

1.24 

By  difference,    .  99 

1.35 

By  difference,  1. 45 
By  difference,    .  78 

_  _ 

1.04 

1 

13.49 

-  -  ~  -  -  - 

1.71 

1.83 

.29 

1.  Benton,, Hick's  bed,  sec.  12,  T.  2  S.,  R.  15  W. 

2.  Benton,  Rotlenhaugh,  sec.  12.  T.  2  S.,  R.  15  W. 

3.  Benton,  Herrick  &  Davis's  bank. 

4.  Benton,  Henderson's  pit,  upper  bed. 

5.  MabelvalCj  A.  W.  Norris's  well. 

6.  Olsen's  switch,  "fuller's  day." 

7.  "  Fuller's  earth,"  Alexander,  SW.  J  SE.  J  hcc.  h,  T.  1  S.,  R.  13  W. 

8.  Benton,  Woolsey's  clay. 

9.  Rldgwood.  SW.  i  NE.  i  sec.  25,  T.  1  N.,  R.  12  W 

10.  Benton,  Howe's  potterv. 

11.  Clay  from  sec.  4,  T.  8  S.,  R.  15  \\, 

12.  Clay  fnmi  sec.  5,  T.  8  S.,  R.  15  W. 

13.  Clav  from  S.  k  sec.  13,  T.  2  S..  R.  13  W. 

14.  John  Foley's.  NK.  i  SK.  i  sec.  18,  T.  13  S..  R.  24  W. 

15.  Climax  potterv,  W.  4,  SE.  {  sec.  5.  T.  15  S..  U.  28  W. 

16.  Atchison's,  NE.  i  NE.  i  sec.  21,  T.  4  8..  R.  17  W. 

17.  Kaolin,  sec.  36,  T.  1  N.,  R.  12  W.,  Tarpley's. 
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PORTLAND-CEMENT  INDUSTRY  IN  ARKANSAS. 

A  Portland-ceinent  plant  was  erected  at  Whitediffs  I^anding,  on 
Little  River,  1  mile  south  of  Whitecliffa  post-office,  and  a  branch  rail-' 
road  constructed  from  the  river  opposite  the  plant  to  Wilton,  on  the 
Kansas  Cit}'  Southern  Railroad,  in  1895.  On  account  of  litigation 
between  those  financially  interested  the  works  have  been  idle  since 
May,  1900.  The  members  of  the  company  and  those  involved  in  the 
litigation  were  scattered,  and  it  was  not  practicable  to  obtain  a  cor- 
rect history  of  operations.  Operations  were  resumed  late  in  1901, 
with  the  name  of  the  company  changed  to  the  Southwestern  Portland 
Cement  Company. 

Four  continuous  dome  kilns  were  utilized,  and  the  bricks  passed 
upon  cars  from  the  forming  machine  through  the  drying  plants  to  the 
elevators,  which  conducted  them  to  the  kilns.  From  the  kilns  the 
clinker  returned  on  cars  to  the  crushing  plant  and  mills. 

The  quarry  in  the  rear  of  the  works  is  elevated,  so  the  chalk  descends 
by  gravity  to  the  reducing  machines.  Clay  silt  from  the  river  bottom 
land  near  by  was  utilized  as  a  mixture  with  the  chalk.  The  use  of 
this  material,  because  of  its  convenient  location,  instead  of  clays  of 
high  grade  was  a  mistake,  it  is  believed. 

Coal  and  coke  of  high  grade  in  large  quantity  occur  in  eastern  Indian 
Territory  on  or  near  the  Kansas  City  Southern  Railroad.  This  fuel 
may  be  transported  by  rail  at  small  cost  directly  to  the  cement  works. 

Until  the  year  1900  the  nearest  cement  plant  of  any  nature  to  the 
Whitecliffs  works  was  at  San  Antonio,  Tex.,  a  distance  of  375  miles. 
In  this  year  a  Portland-cement  plant  was  erected  at  Dallas,  Tex.,  where 
.a  mixture  of  upper  Cretaceous  chalk  from  the  southern  extension  of 
the  Whitecliflfs  formation  and  underlying  clay  marl  is  utilized.  The 
product  from  this  plant  will  naturally  supply  a  large  part  of  the  North 
Texas  market  at  least.  The  Whitecliffs  cement  should  supply  all 
Arkansas,  Indian  Territory,  central  Oklahoma,  a  large  part  of  Loui- 
siana, and  possibly  western  Tennessee  and  Mississippi.  Transporta- 
tion north  and  south  is  direct  by  the  Kansas  City  Southern,  northeast 
and  southwest  by  the  St.  Louis,  Iron  Mountain  and  Southern,  and  east 
and  west  by  the  Choctaw,  Oklahoma  and  Gulf  and  the  Memphis  and 
Choctaw  railroads. 

The  chalk  deposits  at  Rocky  Comfort  are  within  1  mile  of  the 
Arkansas  and  Choctaw  Railroad,  which  connects  with  the  Kansas  City 
Southern  at  Ashdown.  This  road  is  extending  westward  to  tap  the 
Missouri,  Kansas  and  Texas  at  Ardmore,  Ind.  T. 

The  chalk  of  the  Saline  Landing  area  is  more  than  10  miles  by  direct 
line  from  the  St.  Louis,  Iron  Mountain  and  Southern  and  the  Arkan- 
sas and  Louisiana  railroads.  Saline  Landing,  however,  which  is  upon 
the  chalk,  may  be  accessible  to  the  St.  Louis,  Iron  Mountain  and 
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Southern  Railway  at  Fulton  by  West  iSaline  River,  which  is  navigable 
to  small  steamers  during  a  large  part  of  the  year." 
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PORTIiAND-CEMENT  RESOURCES  OF  CALIFORNIA.^ 

« 

PORTLAND-CEMENT   MATERIALS. 

Few  extensive  belts  of  limestone  are  found  in  California,  but  numer- 
OU8  comparatively  small  areas  occur,  and  uiauy  of  them  furnish  rock 
suitable  for  use  as  a  Portland-cement  material.  Three  Portland-cement 
plants  arc  now  in  operation,  and  the  prospects  seem  good  for  a  marked 
expansion  of  the  California  cement  industry.  Owing  to  the  lack  of 
good  native  coals  and  the  abundant  supply  of  petroleum,  oil  is  used 
as  fuel. 

DISTRIBUTION.  ' 

Detailed  mapping  of  California  geology  has  been  of  such  a  frag- 
mentary character  that  few  generalizations  can  be  made  regarding  the 
occijrrence  of  good  cement  limestones.  The  areas  in  which  limestones 
are  known  to  occur  are  indicated  on  the  accompanying  map  (PL  IV), 
but  not  all  of  the  areas  shown  will  give  material  lit  for  Portland 
cement;  and,  on  the  other  hand,  deposits  of  good  material  probably 
exist  which  do  not  appear  on  the  map.  The  map  will,  however,  serve 
as  a  guide  in  the  location  of  deposits  of  available  cement  materials. 

SfAN   DIEGO   COUNTY. 

Fine-grained,  chalk-like  limestone  occurs  near  the  coast  at  Jamul, 
San  Diego  County,  where  it  was  used  about  1888  in  a  small  Portland- 
cement  plant.     Its  composition  is  as  follows: 

a  Many  of  the  data  in  this  section,  when  not  otlierwist;  creditt'd,  have  been  abstracted  from  the 
valuable  reports  of  the  State  mineralogLst  of  C/allfornia.  Tlie  writer  is,  however,  rasponsible  for  the 
discussion  of  the  cement  indiistrj' and  of  the  different  phmts  all  of  which  were  visited  during  the 
fall  of  1908.  Mr.  J.  S.  Diller,  of  the  United  States  (leolo^rical  Survey,  has  furnished  all  the  data  refer- 
ring to  the  limestones  of  the  Retlding  district,  and  has  very  Ifuully  located  these  Shasta  County 
deposits  on  the  accompanying  map. 
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Analysis  of  Hmegtane  from  San  Diego  County f  Cal.<* 

Silica  (SiOj)  1.86 

Aluiuimi  (A1.A) ^ 1-10 

Lime  carbonate  (CaCOs) : 94.28 

Magneflium  carbonate  ( MgCOj) 1. 19 

Alkalies  (KA  Na^O) 1.15 


ORANGE  COUNTY. 


In  Orange  County  a  shell  limestone  is  exposed  at  San  Fernando, 
and  outcrops  on  the  mesa  at  various  places,  both  toward  Orange, 
where  there  is  a  large  exposure  at  the  Los  Alisos  ranch^  and  toward 
San  Juan. 

Analyses  of  shell  limestone  from  Orange  County j  Cal.^ 


Silica  (SiO,) 

Alumina  ( AlA) \  14. 25 

Iron  oxide  ( FegOs) 

Lime  carbonate  (CaCOs) 81. 36 

Magnesiimi  carbonate  (MgCOa) 76 

AlkalieH  (KA  Na-iO) 1.32 

Lime  sulphate  (CaSO^ ) '        .42 


Wat€r 


L25 


27.08 

• 

65.26 
1.22 
2.02 
1.02 
1.20 


L08   ANGBLES  COUNTY. 

On  the  flat  land  at  the  edge  of  the  foothills  near  Mission  San  Fer- 
nando, Los  Angeles  County,  a  shell  limestone  of  the  following  compo- 
sition occurs  in  extensive  deposits: 

Analysis  of  limestone  from  Los  Angeles  County ^  Cdl. 

Silica  (SiO,) 19.72 

Alumina  ( AljOj) I  3  27 

Inm  oxide  (FcjO^) ' | 

Lime  ciirbonate  (CaCOg) 72. 68 

Magnesium  carbonate  ( MgCOs) 1. 05 

Alkalies  (KjO,  Na^O) 67 

Sulphur  trioxide  (SO3) Trace. 

Water 1.76 

a  Ninth  Ann.  Kept.  Califoniia  State  Mineralogint,  p.  309. 
t>£igkth  Ann.  Kept.  California  State  Mineralogist,  p.  880. 


118 


CEMENT    MATERIALS   AND    INDUSIRY. 


[BULL.  243. 


8AN  BENITO  COUNTY. 


The  following  partial  analyses  of  very  pure  limestones  occurring 
west  of  Hollister,  in  San  Benito  County,  are  given  in  the  Mineral 
Resources  of  the  Ignited  States  for  1889-90,  page  383: 

Analyses  of  limestones  from  San  Beniio  County ,  Col. 


8mcii(SiO,) 

Lime  carbonate  (CaCOj) 


1 

e 

2.10 

0.7 

96.00 

99.2 

0.5 
99.0 


SANTA    CRUZ   REGION. 


Extensive  deposits  of  a  soft,  chalk-like  limestone  occur  near  Santa 
Cruz.  These  deposits  are  accompanied  by  shales  and  clays  of  good 
composition,  as  can  be  seen  from  the  following  analyses:^ 

Analyses  of  cement  materials  from  Santa  Cruz,  Oal, 


Limestone. 


Silica  (SiOJ 2.40 

Alumina  ( AljOg) .51 

Iron  oxide  (FejOs) 56 

Lime  (CaO) [  51.31 

Magnesia  (MgO) ,  1. 25 

Alkalies  (KA  Na,0) !  1.45 

Carbon  dioxide  (CO^) '  40. 32 

Water 1.21 


(I Eighth  Ann.  Ropt.  California  State  Minemlogrist,  p.  881. 


SOLANO   AND   CONTRA   COSTA   COUNTIES. 


Beds  of  soft  limestone,  usually  quite  high  in  cla^-ey  matter,  are 
exposed  from  Vallejo  to  Goodyears,  Solano  County,  and  from  Mount 
Dia!)lo  to  Pinole,  Contra  Costa  County. 
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Analygeg  of  limestones  from  Solano  and  Contra  Costa  countuSj  Cal.<^ 


Silica  (SiOj) 9.05 

Alumina  (AlA) 7.56 

Iron  oxide  (FcaOj) 5. 20 

Lime  (CaO) 33.35 

Magnesia  (MgO) 1. 25 

Alkalies  (KjO,  Na,0) 2.05 

Sulphur  trioxide  (SOj) 1. 03 

Carbon  dioxide  (COj)    28.56 

Water 2.05 


42.61 

15. 05 

4.10 

17.98 

2.60 

.26 

.84 

14.12 

.96 


12.89 


2.95 

40.  32 

2.26 

.37 


40.11 
.67 


6.12 

50.85 

.24 

.83 

n.  d. 

41.96 

n.  d. 


0.26 
.20 


54.80 

.30 

.14 

n.  d. 

43.38 
.50 


1.  2,  3.  Contra  Costa  County,  between  Mount  Diablo  and  Pinole. 

4.  Beninia.  Solano  County. 

6.  Port  Costa,  Contra  Costa  County. 

SONOMA    COUNTY. 

The  following  is  an  analysis  by  T.  Price  of  a  very  pure  limestone 
occurring  on  Little  Sulphur  Creek,  4  miles  east  of  Geyserville, 
Sonoma  County: 

Analysis  of  limestone  from  Sonoma  County,  CaxI.^ 

Silica  (SiO,) 1.27 

Alumina  (AlA) - \        .„ 

Iron  oxide  (Fe/),) I       '^"^ 

Lime  carbonate  (CaCOg) 95. 20 

Magnesia  (MgO) 1.32 

Water 1.60 

REDI)IN(>    DISTRICT. 

The  limestones  occurring  in  the  Redding  dii^triet  are  described  as 
follows  by  Mr.  J.  S.  Diller  in  Bulletin  213,  United  States  (jeological 
Survey,  page  365: 

More  limestone  occurs  in  the  copper  region  of  Shasta  County,  Cal.,  than  in  an 
equal  area  of  any  other  part  of  the  State.  A  thick  limestone  of  Triassic  age  occurs 
along  the  stage  road  east  of  Furnaceville,  and  subordinate  masses  crop  out  around  the 
upper  slope  of  Bear  Mountain,  a  few  miles  northwest  of  Sherman,  but  the  principal 
mass  of  this  belt  forms  Brock  Mountain,  on  Squaw  Creek,  and  may  be  traced  for  many 
miles  to  the  north.  This  limestone  is  full  of  fossils  and  is  especially  noted  for  the 
large  lizard-like  animals  it  contains.  It  is  generally  pure  and  at  Bnx'.k  Mountain 
is  used  for  flux  in  the  Bully  Hill  smelter. 

A  belt  of  more  prominent  limestone  ridges  and  i)eaks extends  from  near  Lilienthals 
north  by  Gray  Rock,  the  Fishery,  and  llirz  Mountain,  along  the  McCloud  for  many 
miles.  The  limestone  wh«re  l)est  develope<l  is  over  1,000  feet  thick,  and  until 
recently  has  been  used  for  flux  at  Bully  Hill.     It  is  cut  by  numerous  irregular  dikes 


a  Eighth  Ann.  Rppt.  California  State  Mineralogist,  p.  H8*2. 
^Eighth  Ann.  Kept.  Oilifornia  State  Mineralogist,  p.  61^^. 


120 


CEMENT   MATERIALS    AND   INDUSTRY. 


[BULL.   243. 


of  igneous  rock,  which  locally  interfere  with  quarrying.    If  the  projected  branch 
railroad  up  Pit  River  is  ever  built,  it  would  pass  near  this  great  limestone. 

A  third  belt  of  limestone  occurs  near  Kennett,  within  a  few  miles  of  the  railroad, 
and  furnishes  not  only  flux  for  the  Mountain  Copper  Company  at  the  Keswick 
smelter,  but  also  lime,  which  is  burned  at  Kennett  and  shipped  to  many  points  on 
the  Southern  Pacific  Railroad.  This  limestone  is  of  Devonian  age  and  consequently 
much  older  than  tlie  others.  Although  the  limestone  is  not  nearly  as  large  as  the 
others  and  isolated  on  ridge  crests  by  igneous  rocks,  it  is  more  valuable  because 
more  accessible.  Smaller  maases  occur  near  Horsetown  and  at  several  points  on  the 
plain  northeast  of  Buckeye,  where  lime  has  been  burned,  but  since  the  Kennett 
locality  has  l>een  opened  they  are  of  little  importance. 

Below  are  given  partial  analyses  of  three  of  the  limestones  above 
described  by  Mr.  Diller: 

Analysis  of  limestone  from  Redding  districtj  California. 


Silica  (SiO^) 

Alumina  (AljO^).. 
Iron  oxide  (Fe./).,) 

Lime  (CaO) 

Magnesia  (MgO)  .. 


1 

i 

2.0 

4.0 

1.5 

1.5 

52.5 

51.0 

n.  d. 

n.  d. 

8 


4.4 

n.  d. 

53. 3 
.5 


1.  Near  V.  S.  Fishery  at  Bftird.    Bull.  U.  S.  Geol.  Survey  No.  225,  p.  176. 

2.  BnK'ks  Mountain,  6  miles  northeast  Delamar.    Ibid. 

3.  Kennett.    Eighth  Ann.  Kept.  California  State  Mineralogist,  p.  572. 


PORTLAND-CEMENT  INDUSTRY  IN  CALIFORNIA. 


Until  within  the  past  two  years  only  one  Portland-cement  plant  had 
succeeded  in  establishing  itself  in  California.  This  was  the  California 
Portland  Cement  Company,  with  works  located  at  Colton,  in  southern 
California.  During  1903,  however,  two  additional  plants  went  into 
operation,  both  located  near  San  Francisco.  In  consequence  of  the 
slight  development  of  a  local  industry,  California  has  been  supplied 
largely  with  foreign  Portlands,  always  high-priced  and  frequently  of 
poor  quality. 

The  plant  of  the  Pacific  Portland  Cement  Company  is  located  about 
()  miles  oiLst  of  Suisun,  Solano  Countv.  The  materials  used  are  trav- 
ertine — a  very  pure  lime  carbonate  deposited  from  waters  carrying  it 
in  solution — and  clay.  Eight  rotary  kilns  are  in  operation,  Bakers- 
field  oil  being  used  for  fuel.  The  electric  power  necessary  for  running 
the  plant  is  derived  from  Marysville.  Analyses  of  the  raw  materials 
and  of  the  finished  cement,  which  is  marketed  as  *' Golden  Gate" 
brand,  follow: 
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Analyses  of  travertine,  day,  and  ceineni. 


Silica  (SiOa) 

Alumina  ( AIjOs) 

Iron  oxide  (Fe,Os) 

Lime(CaO) 

Magnesia  (MgO) 

Alkalies  (KANa^O).. 
Sulphur  trioxide  (SO3) 
Carbon  dioxide  (COj) . 
Water 


Travertine. 

1.21 

.70 

.50 

53.  62 

.44 


.11 
42.98 


Clay. 

("ement. 

58.25 

22.  25 

18.56 

7.65 

7.35 

3.  35 

3.10 

62.85 

1.28 

.78 

2.35 

.69 

.45 

1.34 

8.56 

1.00 

The  Standard  Portland  Cement  Company'  plant  is  located  at  Napa 
Junction.  Two  grades  of  limestone  are  used  as  raw  materials,  one 
a  very  claj^ey  limestone,  averaging  about  60  per  cent  lime  carbonate; 
the  other  a  purer  rock,  carrying  85  j^r  cent  or  more  of  lime  carbonate. 
In  this  respect  the  materials  are  closel}^  similar  to  those  used  in  the 
I^ehigh  district  of  Pennsylvania-New  Jersey;  but  the  California  lime- 
stones are  much  softer  than  those  of  the  Lehigh  region.  Ten  rotary 
kilns  are  in  u.se,  with  Bakerslield  oil  for  fuel.  Analyses  of  the  raw 
materials  follow: 

AnalyseH  of  raw  maieriaU  of  cement  made  at  Napa  Jujiction,  Cat. 


SilicH(Si(),) 

Alumina  ( AljjO.,) 

Iron  oxide  ( FejOg) 

Lime  carbonate  (CaCOj) 

Magnesium  carbonate  (MgCO:,) 


HiRh-lime 
r(»ck. 


7.12 

2.  36 

1.16 

87.70 

.84 


Low-lime 
rtjck. 


20.87 
10. 50 

3.50 
62.76 

1.48 


The  plant  of  the  California  Portland  Cement  Company  is  located  at 
Colton.  The  raw  materials  used  arc  a  pure,  veiy  highly  crystalline 
limestone  (marble),  obtained  near  the  plant,  and  clay  shipped  in  from 
Perris,  25  miles  away.  The  limestone  will  range  from  90  to  99  per 
cent  lime  carbonate;  the  clay  is  relatively  low  in  silica  and  high  in 
alumina  and  iron  oxide.  Three  rotaiy  kilns  are  in  operation,  using 
Lo«  Angeles  and  Bakersfield  oil  for  fuel. 

BIBLIOGRAPHY  OF  CEMENT  RESOURCES  OF  CALIFORNIA. 
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PORTIiAND  CEMEI^rr  RESOURCES  OF  COIiORADO. 

PORTLAND  CEMENT  MATERIALS. 


DISTRIBUTION   AND   COMPOSITION. 


For  the  purposes  of  the  present  bulletin  the  limestones  of  Colorado 
may  be  divided,  on  a  geographical  basis,  into  two  groups,  those  h'ing 
west  of  the  Front  Range,  and  those  l3Mng  east  of  that  range  in  the 
plains. 


LIMESTONES  WEST  OF  THE  FRONT  RANGE. 


Of  the  limestones  occurring  in  centra'  and  western  Colorado,  west 
of  the  Front  Range,  those  of  Mississippian  age  seem  to  be  of  most 
promise  as  Portland-cement  materials,  though  limestones  occurring  in 
other  divisions  of  the  Carboniferous,  as  well  as  later  and  earlier 
rocks,  are  occasionally  of  value  for  this  purpose.  Analyses  of  a 
number  of  nonmagnesian  limestones  are  given  in  the  following  table: 

Analyses  of  limestones  from  Colorado  west  of  the  Front  Range, 


No. 


1 

2 

3 

4 

5 

6 

/ 

8 

9 

10 

11 

12 

13 

14 


Silica 
(SiOa). 

Alumina 
,  (AlgO,) 
iron  oxide 

(FesO,). 

Lime 
(CaO). 

Magnesia 
(MgO). 

Carbon 

dioxide 

(C()«). 

21. 45 

1.20 

40.64 

0.73 

32.  73 

6.47 

.77 

46.65 

2.64 

39.55 

3.71 

.  55 

47.40 

4.49 

42.15 

2.27 

.14 

53.  79 

.46 

42.76 

.22 

Trace. 

55. 17 

.21 

43. 58 

.23 

.09 

55.49 

.24 

43.87 

.06 

55.  81 
55. 45 

43.85 

.22 

.20 

.24 

43.84 

.11 

.10 

55.  68 

Trace. 

43.  75 

6.54 

.92 

50. 58 

.36 

40.18 

1.44 

.13 

54. 98 

Trace. 

n.d. 

5.32 

.91 

48.  73 

2.95 

41.71 

.51 

.10 

55.  50 

.17 

43. 82 

2.37 

.19 

53. 64 

.73 

42. 93 

/ 
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Analyses  of  UmegUnies  frain  Colorado  west  of  the  Front  Range — Ck)ntinued. 


No. 


15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Silica 
(SlOa). 


Alumina. 
,  (Al-O,), 
iron  oxide 

(FejOa). 


4. 

13 

.75 

1.00 

n.  d. 

n.  d. 

31. 12 

.55 

2.04 

.15 

.82 

.07 

.36 

.17 

4.42 

'    .10 

.62 

.25 

7.91 

.32 

1.75 

.32 

2.69 

.21 

Lime 
(CaO). 


55.81 
53.00 
53.40 
53.20 
37.28 
54. 62 
55.47 
55.58 
52.97 
55.24 
50.83 
53.60 
54.23 


Magneflia 
(MgO). 


.16 
.59 
.45 

n.  d. 
.54 
.25 
.22 
.37 
.40 
.24 
.70 

1.23 
.21 


Carbon 

dioxide 

(CO.). 


44.03 
42.28 
42.46 
n.  d. 
29.88 
43.28 
43.86 
44.17 
42.12 
43.81 
40.90 
43.65 
42.97 


1-9.  Glenwood  Springs,  Garfield  County.    George  Steiger,  analyst.    Bull.  U.  S.  Qeol.  Survey  No. 
168,  p.  273. 

10.  North  Park.  Grand  County.    B.  E.  Brewster,  analvst.    Fortieth  Par.  Survey,  vol.  2,  p.  115. 

11.  Gunnison  CJounty.    Ann.  Rept.  Colorado  School  Mines  for  1887,  p.  21. 

12.  Morrison,  Jefferson  County.    L.  G.  Eakins,  analyst.    Bull.  U.  S.  Geol.  Survey  No.  168,  p.  270. 
18.  Mount  Silverheels,  Park  Ckmnty.    W.  F.  HiUebrand,  analyst.    Ibid.,  p.  272. 

14.  Fairplay,  Park  (bounty.    W.  F.  HiUebrand,  analyst.    Ibid. 

15.  Aspen,  Pitkin  County.    L.  G.  £akins,  analyst.    Ibid.,  p.  273. 

16.  Aspen  Mount,  Pitkin  County.    Reese  &  Richards,  analysts.    Rept.  Oolorado  School  Mines,  1886, 
p.  67. 

17.  Aspen  Mount,  Pitkin  County.    F.  Bardwell,  analyst.    Ibid. 

18.  Aspen  Mount,  Pitkin  County.    F.  Buckley,  analyst.    Ibid.,  p.  68. 

19.  Aspen  district,  Pitkin  County.    George  Steiger,  analyst.    Bull.  U.  8.  Geol.  Survey  No.  168,  p.  272 

20.  Jacque  Mount,  Tenmile  district,  Summit  County.    \V.  F.  HiUebrand,  analyst.    Bull.  U.  S.  Geol. 
Survey  No.  168.  p.  274. 

'Jl.  Near  Sabbath  Rest  tunnel,  Tenmile  district.  Summit  County.    W.  F.  HiUebrand,  analyst.    Ibid. 

22.  Searls  Gulch,  Tenmile  district.  Summit  County.    W.  F.  Hillebrand,  analyst.    Ibid. 

23.  North  of  Sugarloaf,  Tenmile  district,  Summit  County.    W.  F.  Hillebrand.  analyst.    Ibid. 
24,25.  Pittaton  tunnel,  Tenmile  district,  Simimit  County.    W.  F.  Hillebrand,  analyst.    Ibid. 

26.  Summit  quarry,  Tenmile  district.  Summit  County.    W.  F.  Hillebrand,  analyst.    Ibid. 

27.  Fletcher  shalt,  Copper  Mountain,  Tenmile  district.  Summit  County.    W.  F.  Hillebrand,  analyst 
Ibid. 

LIMESTONES   EAST  OF  THE   FRONT  RANGE 

In  the  eastern  portion  of  Colorado  the  surface  rocks  are  of  Creta- 
ceous or  later  age.  While  mostly  made  up  of  clays  and  sands,  these 
rocks  contain  one  limestone  formation  of  great  importance  as  a  possi- 
ble source  of  Portland -cement  material .  This  is  the  Niobrara  limestone 
of  the  Cretaceous. 

The  areas  in  which  the  Niobrara  limestone  outcrops  in  eastern  Col- 
orado, as  shown  on  the  Hayden  map,  may  be  described  as  follows: 

One  belt  of  Niobrara  limestone  enters  Colorado  from  Nebraska,  fol- 
lowing the  South  Platte  and  ending  between  Fort  Morgan  and  Greeley. 
Another  belt  enters  the  State  from  Wyoming,  at  a  point  just  west  of 
the  Colorado  and  Southern  Railroad,  and  runs  about  due  south,  as  a 
band  from  1  to  6  miles  in  width,  the  towns  of  Laporte,  Namaqua,  and 
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Boulder  being  near  its  western  edge,  while  Fort  Collins,  Big  Thomp- 
son, Berthoud,  Valmont,  and  Marshall  lie  on  or  near  its  eastern 
border.  This  belt  thins  out  southward  near  Golden,  turns  slightly 
east  of  south  at  a  point  just  east  of  Morrison,  and  disappears  west  of 
Larkspur. 

Another  belt  commences  about  10  miles  north  of  Colorado  Springs, 
and  covers  a  wide  area  east  and  west  of  the  Denver  and  Rio  Gmnde 
Railway.  The  towns  of  Colorado  Springs,  El  Paso,  Fountain,  Pueblo, 
and  St.  Charles  are  located  on  this  limestone  belt,  while  Sunview  and 
Turkey  Creek  lie  on  its  west  border.  Arms  of  this  belt  are  extended 
up  Arkansas  Riv^er  as  far  as  Canyon,  and  up  Huerfano  River  to  Huer- 
fano Park,  reaching  almost  to  Dixon.  The  stations  of  Granero,  Huer- 
fano, Cucharas,  Santa  Clara,  Placito,  Walsenburg,  Apishapa,  and 
Trinidad  are  located  on  the  southern  portion  of  this  belt. 

PORTLAND-CEMENT  INDUSTRY  IN  COLORADO. 

Only  one  Portland-cement  plant  is  at  present  in  operation  in  Colo- 
rado, but  several  attempts  have  been  made  to  manufacture  cement 
in  the  State.  The  materials  used  at  the  present  plant,  as  well  as  at 
all  the  previous  plants,  are  limestones  of  various  grades  of  purity, 
from  the  Niobrara  formation. 

The  plant  of  the  Portland  Cement  Company  of  Colorado  is  located 
about  8  miles  east  of  Florence,  Fremont  County,  south  of  Arkansas 
River.  The  materials  used  are  an  argillaceous  limestone  averaging 
about  71  per  cent  of  lime  carbonate,  and  a  purer  limestone  carrying 
about  88  per  cent  of  lime  carbonate.  The  former  occurs  in  several 
beds,  aggregating  about  60  feet  in  thickness;  the  purer  limestone  is 
taken  from  a  40-foot  bed  lying  about  50  feet  below  the  other.  Six 
rotary  kilns  are  in  place,  using  oil  from  the  Florence  field  as  fuel. 

BIBLIOGRAPHY  OF  CEMISNT  RESOURCES  OF  COLORADO. 

Lake8,  ARTnuR.    Building  and  monumental  stones  of  CJolorado.    Mines  and  Minerals, 

vol.  22,  pp.  29-30.     1901. 
Lakes,  Arthur.  Sedimentary  building  stones  of  Colorado.     Mines  and  Minerals,  vol. 

22,  pp.  62-64.  1901. 
RiEs,  llEiNKicn.    The  clays  and  clay-working  industry  of  Colorado.     Trans.  Am. 

Inst.  Min.  Eng.,  vol.  27,  pp.  336-340.     1898. 

PORTIiAXI>-CEMENT  RESOURCES  OF  CONNECTICUT. 

While  many  outcrops  of  limestone  occur  within  the  limits  of  the 
State  of  Connecticut,  few  of  them,  unfortunately,  are  large  enough 
to  justify  the  erection  of  a  cement  plant.  In  addition  to  this  disad- 
vantage, most  Connecticut  limestones  carry  entirely  too  high  a 
percentage  of  magnesium  carbonate  to  be  considered  available  as 
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Portland-ccnient  materials.  This  last  statement  is  particularly  true 
of  the  thick  and  extensive  limestone  beds  of  western  Connecticut, 
which  are  so  extensively  quarried  and  utilized  for  lime  burning  in  the 
vicinity  of  Danbury,  Canaan,  etc.  Numerous  analyses  of  these  lime- 
stones show  that  they  rarely  carry  less  than  20  per  cent  of  magnesium 
carbonate,  while  they  often  run  as  high  as  40  per  cent  of  that  constit- 
uent. The  nonmagnesian  limestones,  on  the  other  hand,  which  occur 
chiefly  in  central  and  eastern  Connecticut,  are  rarely  over  a  few  feet 
in  thickness,  or  else  have  a  very  limited  area  of  outcrop. 

Of  the  analyses  given  below  Nos.  2  and  3  are  fairly  typical  of  most 
of  the  limestones  of  western  Connecticut.  They  are  in  general  quite 
pure,  carrying  usually  very  low  percentages  of  silica,  alumina,  iron 
oxide,  etc.,  but  they  are  at  the  same  time  almost  invariably  high  in 
magnesia,  often  approaching  dolomite  in  composition.  Occasionally 
beds  are  found  which  show  very  low  magnesia  percentages.  An 
example  of  this  is  afforded  by  analysis  No.  1.  Such  limestones  would 
of  course  be  serviceable  as  Portland-cement  materials,  but  the  trouble 
is  that  these  low-magnesia  beds  are  not  extensive,  nor  can  they  be  told, 
at  sight,  from  high-magnesia  rocks  occurring  in  the  same  quarry.  It 
would  therefore  be  impracticable  to  separate  the  two  kinds  of  rock 
during  quarrying,  and  for  this  reason  the  writer  believes  that  such 
occasional  occurrences  of  low-magnesia  rocks  give  no  promise  of  a 
future  Portland-cement  industry  in  Connecticut. 

A  n(ib/!ie^  of  limestones  from  Coimtct'wut. 


a 


Silica  (SiO,) 5.83 

Alumina  (AIA)  ^    3  ^ 

Iron  oxide  (Fe./),) i 

Lime(CaO) ;    50.40 

Magnesia  ( Mg() ) i        .10  i 


Carbon  dioxide  (CO^) 


39.  72 


0.08 

.25 

30.46 
21.48 
47.58 


0.48 

.20 

31.31 
21.03 
46.98 


1.  Quarry  of  Danburv  Llrae  ('ompany,  Dimbury.  Fnirficld  County.  Mincml  Renources  U.  S.  for  1889- 
189U.  p.  386. 

•2.  Quarry  of  Canaan  Lime  Company,  ('anaan,  Litchfield  County.  Twentieth  Ann.  Kept.  U.  8.  Geol. 
Survey,  pt.  6,  p.  370. 

3.  Quarry  oi^Canlielcl  Bro«.,  East  Canaan,  Litchfield  County.    Ibid. 


PORTIiANl)-OEMT:NT  RKSOURCE8  OF  DEIiAWARE. 

No  limestones  occur  within  the  limits  of  Delaware,  with  the  excep- 
tion of  small  isolated  outcrops  in  the  crystalline  rocks  of  the  extreme 
northern  portion  of  the  Stiite.  Though  some  of  these  furnish  rock 
low  in  magnesia,  the  outcrops  are  entirely  too  small  to  be  worth 
considering. 
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POUTIiAXD-CKl^rKNT  RESOURCES  OF  FliORIDA. 

Though  Florida  is  largely  underlain  by  beds  of  limestone  of  Ter- 
tiary and  recent  age,  these  are  covered,  over  great  areas,  by  later 
deposits  of  sand  and  gravels.  Owing  partly  to  this,  and  more  largely 
to  the  lack  of  local  fuel  deposits  and  cement  markets,  no  attempt  has 
ever  been  made  to  manufacture  Portland  cement  in  the  State.  Should 
commercial  conditions  ever  change  so  as  to  render  a  local  cement 
industry  possible  there  will  probably  be  little  diflBculty  in  locating 
deposits  of  limestone  suitable  for  use  as  Portland-cement  material, 
for  the  St.  Stephens  limestone,  which  is  so  promising  a  source  of 
cement  material  in  Alabama  (see  pp.  77-81),  covers  a  large  area  in 
northern  Florida,  while  other  limestones  of  equal  value  as  cement 
materials  outcrop  elsewhere  in  the  State. 

The  analyses  in  the  following  table  give  some  idea  of  the  composi- 
tion of  various  Florida  limestones. 

Analyses  of  Umestmies  from  Florida, 


Silica  (SiOj) 

Alumina  ( Al^Og) 

Iron  oxide  (Fe,0:,)  . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,  K,0)  . 
Sulphur  trioxide  ( SO,) 


:^9. 01 

1.20 

.53 

30. 99 
.42 
.71 
.33 


12.31 

12.19 

.66 


0.17 
.20 
.07 


26.28  '54.03 


16.72 

.50 

n.  d. 


.29 
n.  d. 
u.  d. 


Carbon  dioxide  (CO,).  24.  25  ,38.12  ,42.52 


Water 


3. 07  ;  2. 99  ,  n.  d. 


0.25 

.17 

.07 

54.01 

.77 

n.  d. 

n.  d. 

42.84 

n.  d. 


6 


I 


0.12 
08 


}• 


6 

0.19 
.16 


54.  38  j55. 12 
.86  I     .30 


n.  d. 

n.  d. 

43. 36 

n.d. 


n.  d. 

n.  d. 

43.  28 

n.  d. 


0.07 
.16 

54.02 
1.06 
n.d. 
n.d. 

43.20 
n.  d. 


8 


2.94 
.23 


9 


8.50 


.73 


51.51 

47.29 

.71 

1. 51 

n.  d. 

n.d. 

n.d. 

n.  d. 

41.59 

39.00 

2.64 

3.37 

1.  St.  Stephens  limcfltoiic,  Wakulla  County.    Vol.  6,  Tenth  Censiw  RoportM,  p.  193. 

2.  River  Junction,  Eticambia  County.    George  Steiger,  analyst.    Bull.  r.  S.  Geol.  Survey  No.  li>8. 
p.  257. 

3.  Artesian  well,  Key  West,  25  feet  down.    George  Stel^or,  analyst.    Ibid. 

4.  ArteHian  well,  Key  We«t,  100  feet  down.    George  Sti'iKcr,  analyst.    Ibid. 

5.  ArteHian  well,  Key  West,  160  feet  down.    George  Steiger.  analyst.    Ibid. 

6.  Artesian  well,  Key  West,  1,400  feet  down.    George  Sti-iger.  analyst.    Ibid. 

7.  Artesian  well,  Kev  Wiwt,  2.000  feet  down.    George  Stolgtr.  analyst.     Ibid. 

8.  Shell  roek,  near  Fort  Worth.    F.  W.  (Harke.  analyst.    Ibid. 

9.  bhell  roek,  near  Seville.    F.  W.  Clarke,  analyst.    Ibid. 
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PORTLAND-CEMENT  MATERIALS. 

One  Portland-cement  plant  is  already  in  operation  in  Georgia,  and 
the  prospects  for  some  ext4?nsion  of  the  industry  st»em  good,  though 
the  local  maiket,  unless  it  improves  materially,  will  not  justify  any 
great  expansiouc 
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Four  series  of  limestones  occurring  in  Georgia  are  worth  consider- 
ation here.     Beginning  with  the  oldest  formation,  these  four  are: 

1.  Metamotphic  limestonet)  (marblefi)  of  uncertain  age. 

2.  Chickamauga  limestone  of  Ordovician  (Lower  Silurian)  age. 

3.  Bangor  limestone  of  Mississippian  (Lower  Carboniferous)  age. 

4.  Cretaceous  and  Tertiary  limestones  (so-called  *' marls'').  > 

The  distribution  of  these  limestones  in  the  western  portion  of  the 
State  is  shown  on  the  geologic  map,  PI.  II. 

METAMORPHIC  LIMESTONES  OR  MARBLES.a 

DISTRIBUTION. 

Highly  crystalline  limestones,  suitable  for  use  as  marble,  occur  in 
parts  of  northern  Georgia,  notably  in  the  counties  of  Fannin,  Gilmer, 
Pickens,  and  Cherokee.  The  principal  outcrops  in  this  district  occur 
in  a  belt  closely  parallel  to  the  line  of  the  Murphy  and  North  Georgia 
Railroad,  extending  from  near  Canton  northward  to  the  Georgia- 
North  Carolina  line.  Throughout  the  entire  extent  of  this  belt  the 
marble  has  been  quarried  more  or  less  extensively. 

COMPOSITION. 

As  shown  by  the  analyses  quoted  by  S.  W.  McCallie,  two  quite 
distinct  types  of  marble  occur,  so  far  as  chemical  composition  is  con- 
cerned. One  of  these  types  rarely  carries  over  1  per  cent  of  mag- 
nesia, and  is  therefore  available  as  a  Portland-cement  material.  The 
analyses  given  in  the  following  table  are  fairly  representative  of  this 
type.  The  other  type  of  marble  carries  15  to  22  per  cent  of  magnesia, 
and  is  therefore  not  worth  considering  in  the  present  connection: 

Analyses  of  metamorpkic  limestones  from  Georgia,^ 


8 


} 


Silica  (SiO,) 0.35 

Alumina  (AljOs) 

Iron  oxide  (FejO.,) 

Lime  (CaO) 

Magnesia  ( MgO) 

('arbon  dioxide  {CO^ ) 


.15 

55.00 

1.12 

44.16 


1.62 

.32 

54.41 

.75 

43.13 


s 

4 

6 

2.12 

1.43 

0.76 

.10 

3.28 

.42 

54.06 

52.77 

54.67 

.90 

.82 

1.01 

4^86 

41.85 

43.49 

1.  "Creole"  marble,  Georjfla  Marble  Company's  quarry,  near  Tate.  Pickens  County. 

2.  **  Etowah  •'  marble,  Georjfia  Marble  Company's  quarry,  near  Tate,  Pickens  County. 

3.  Co«ir«e  white  marble,  (ieor^ia  Marble  Company's  quarry,  near  Tate,  Pickens  County. 

4.  Haskins  property,  1  mile  southeast  Rod  Clay,  Whittleld  County. 

5.  Ellinger  pn)perty.  I  mile  euHt  Varnells  station,  Whitfield  County. 


a  The  composition,  character,  and  distribution  of  these  valuable  building  stones  are  described  in 
Bulletin  No.  1,  of  the  Georgia  Geological  Survey,  by  S.  W.  McCallie,  entitled  •*  Preliminary  Report  on 
the  Marbles  of  Georgia."  To  this  bulletin  reference  should  be  made  for  details  concerning  the  crys- 
talline limestones  of  Georgia. 

b  Analyses  1  to  5  of  the  table  are  from  the  report  by  Prof.  8.  W.  McCallie  on  the  "Marbles  of  Georgia," 
insued  as  Bulletin  No.  1  of  the  Georgia  Geological  Survey.  All  these  analyses  were  made  by  Prof. 
W.  U.  Emerson. 
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CJIICKAMA  U(iA  LIAfESTOyE. 
DI8TRIBITTION. 


The  Chickamauga  limestone  occurs  only  in  northwest  Georgia, 
appearing  as  a  series  of  long,  narrow  bands,  whicth  usually  trend  N. 
30'^  E.  The  distribution  of  this  limestone  is  shown  on  PI.  II. 
page  62.  A  few  of  the  more  prominent  areas  will  be  briefly  described, 
l)eginning  in  the  extreme  northeastern  portion  of  the  State,  particular 
attention  being  paid  to  outcrops  located  on  or  near  railroads. 

A  belt  of  Chickamauga  limestone  entei^s  Georgia  a  few  miles  south- 
west of  Chattanooga,  the  Alabama  Great  Southern  Railroad  running 
on  this  limestone  belt  from  near  Chattanooga  to  a  few  miles  below 
Trenton;  another  belt  is  crossed  by  the  same  railroad  about  3  miles 
south  of  Rising  Fawn;  a  third  belt  is  followed  closely  by  the 
Southern  Railroad  from  Rossville  to  Cedar  Grove,  and  another  Vielt  is 
followed  bv  the  same  road  from  Bronco  to  Menlo.  The  line  from 
Chattanooga  to  Summerville  runs,  for  5  miles  east  of  Chickamauga, 
across  one  of  these  limestone  belts.  An  extensive  belt  of  the  lime- 
stone borders  the  western  faces  of  Tavlors  Rid^e  and  White  Oak 
Mountains,  but  is  crossed  by  railroads  only  at  two  points,  near 
Ringgold  and  Lavender,  resi>ectively.  Other  belts  are  crossed  at 
Dalton  and  between  Dalton  and  Tunnelhill. 

The  Chickamauga  limestone  is  very  extensively  exposed  in  the 
northern  half  of  Polk  County,  being  crossed  by  railroads  at  or  near 
the  stations  of  Esomhill,  Cedartown,  Fish  Creek,  Rockmart,  Davittes, 
and  Taylorsville.  As  later  noted,  one  Portland-cement  x^lant  is  already 
in  opemtion  at  Rockmart  utilizing  this  limestone. 


COMPOSITION. 


Throughout  its  range  in  Georgia  the  Chickamauga  limestone  is  com- 
monly a  rather  pure  rock,  carrying  90  to  95  per  cent  of  lime  carbonate 
with  less  than  2  per  cent  of  magnesium  carbonate.  Analyses  1,  2, 
and  4  of  the  following  table  are  fairl}^  representative  of  the  usual 
composition  of  the  Trenton  limestone.  Anah'sis  3,  on  the  other  hand, 
represents  a  highly  magnesian  type  of  rock  that  is  fortunately  uncom- 
mon in  this  series. 


L 
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Arudyses  of  Chickamauga  limasUmes  from,  Geortfia.  « 


Silica  (SiO,) 

Alumina  (AI,Og) 

Iron  oxide  (Fe,Oj) 

Lime  carbonate  ( CaCOs ) 

Magnesium  carbonate  (MgCOj) 


2.82 

I    1.80 

91.40 
3.75 


2.23 

94.37 
2.10 


8.16 

9.50 

55.47 
25.33 


2.30 

.40 

95.20 
2.17 


1.  Srjiith  of  Trenton,  Polk  County.    J.  M.  McCandless,  analyst. 

2.  Cedartown,  Polk  County.    W.  J.  Land,  analyHt. 

3.  Near  Trenton,  in  valley  of  Lookout  Creek.    J.  M.  MeC-andli^ss,  analyst. 

4.  Devittc  lime  quarry,  5  miles  northeast  of  Rockmart,  Polk  County.    Chemist,  Cherokee  Iron  Com- 
pany, analyst. 

BANOOR  LIMESTONE. 

DISTRIBUTION. 

The  Bangor  limestone  in  Georgia  occurs  only  in  Dade,  Walker,  and 
the  northwestern  portion  of  Chattooga  counties.  In  this  area  it 
appears  as  a  series  of  belts  from  one-half  to  almost  2  miles  in  width, 
following  closely  the  trend  of  Sand,  Lookout,  and  Pigeon  mountains, 
and  usually  running  up  high  on  the  flanks  of  these  mountains,  as  well 
as  occupying  parts  of  the  valleys  at  their  feet. 

COMPOHITION. 

The  Bangor  limestone  in  its  Georgia  areas  varies  between  700  and 
900  feet  in  thickness.  The  greater  part  of  this  is  a  rather  heavy- 
bedded  blue  limestone,  commonly  quite  pure  and  low  in  magnesia. 
Toward  the  top  of  the  formation  the  limestone  becomes  more  clayey, 
and  interbedded  shales  become  more  and  more  frequent. 

Analyses  of  Bangor  limeeione  from  Georgia, 


1.00 


Silica  (SiO,)  0.95 

Alamina  ( AljOj)  

Iron  oxide  (Fe,Oj) 

Lime  carbonaU^  ( CaCOj ) 96. 1 3 

Ma^esium  car>)onate  ( MgCOj) 2. 05  ! 


12.70 

3.20 

80.60 
2.45 


1.  Rising  Fawn,  Dade  County,  J.  M.  Mc('andles«<,  analvst.    *'  Paleozoic  Group  of  Georgia."  p.  271. 

2.  Side  of  Sand  Mountain,  Polk  County,  J.  M.  .McCandlexs.  analyHt.    Ibid.,  p.  271. 


dTaken  from  a  rofK)rt  by  Prof.  J.  W.  SiKMicer  on  the  "  Paleozoic  Group  of  GeorgiHi"  issue^l  by  the 
Georgia  Geological  Survey.  The  oomiNMition  of  No.  3  is  very  different  from  that  of  normal  Chicka- 
mauga lime»toneM,  and  itH  reference  may  therefore  be  erroneous. 

Bull.  243—05 9 
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CRETACEOUS  AND  TERTIARY  LIMESTONES. 


DISTKIBUnON. 


The  portion  of  Georgia  lying  south  and  southeast  of  a  line  drawn 
through  Knoxville  to  Columbus  is  occupied  by  clays,  gravels,  and  soft 
limestones  of  Tertiary  and  Cretaceous  age.  The  limits  of  these  forma- 
tions have  never  been  accurately  mapped,  so  that  the  distribution  of 
the  soft  limestone  beds  can  be  stated  only  in  a  general  way.  Several 
areas  of  the  soft  limestones  (commonly  called  "marls"  in  geological 
and  agricultural  reports)  are  known  to  occur.  One  of  these  areas  is 
the  continuation  of  that  described  as  the  St.  Stephens  limestone  of 
Alabama.  A  detailed  description  of  the  character  of  this  limestone, 
with  numerous  analvses  from  Alabama  localities,  will  be  found  on 
pages  77-83  of  this  bulletin.  In  Georgia  this  limestone  occupies 
most  of  the  counties  of  Decatur,  Miller,  Baker,  Mitchell,  Dougherty, 
and  Lee.  The  only  analysis  of  it  from  a  Georgia  locality  is  given  as 
No.  6  of  the  table  below.  Other  limestone  beds  occur  in  the  Creta 
ceous  and  Tertiary  region,  but  little  is  known  concerning  their 
distribution. 


COMPOSITION. 


Such  analyses  as  are  available  are  presented  in  the  following  table. 
They  all  show  the  presence  of  considerable  percentages  of  silica, 
alumina,  and  iron  oxide,  but  are  at  the  same  time  remarkably  low  in 
magnesia. 

Analyses  of  Cretaceous  and  Tertiary  limestones  from  Georgia. 


SiUca  (SiOa) 

Alumina  ( Al^O,) 

Iron  oxide  (Fe^Os) 

Lime(CaO) 

Magnesia  (MgO.) 

Carbon  dioxide  (CO,)  . . .' 
Water 


8.90 

.55 

3.22 

50.14 

.05 

37. 05 

1.23 


6.30 

.41 

1.65 

49.87 

.12 

39.  21 

1.63 


9.63 

.62 

4.31 

46.76 

.05 

36. 52 

1.31 


4 

5 

13.86 

13.86 

1.11 

1.76 

2.08 

3.02 

45.65 

43.67 

.08 

.04 

34.87 

34.12 

1.19 

1.45 

6 


14.44 
1.33 
2.65 

42.88 
.16 

31.96 
1.63 


1.  Reddlck's  quarry,  Screven  County.    Reports  Tenth  CensuH,  vol.  6,  p.  312. 

2.  WashinKton  County.    Ibid. 

8.  Shell  Bluff.  Burke  County.    Ibid. 

4.  Houston  C(>unty.    Ibid. 

5.  Near  Montezuma,  Macon  County.    Ibid. 

6.  Near  Albany,  Dougherty  County.    Ibid. 


PORTLAND-CEMENT  INDUSTRY  IN  GEORGIA. 

Only  one  Portland-cciucnt  plant  is  at  present  operating  in  Georgia, 
and  this  plant  is  of  very  recent  construction.  It  is  owned  by  the 
Southern  States  Portland  Cement  Company,  and  is  located  about  half 
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a  mile  east  of  the  village  of  Rockmart,  Polk  County,  Ga.  The  Port- 
land cement  manufactured  here  is  made  from  a  mixture  of  pure  lime- 
stone and  slate,  both  of  which  materials  occur  in  the  immediate  vicinity 
of  the  plant. 

Hard  blue  slates,  which  have  been  extensively  quarried  for  struc- 
tural pui-poses,  outcrop  on  the  hills  south  of  Rockmart.  These  slates 
are  of  Ordovician  age  and  have  been  described  as  the  "Rockmart 
slates"  by^  Doctor  Hayes.  East  of  the  town  the  surf  ace  rock  is  the 
"Chickamauga  limestone,"  which  here  contains  beds  of  pure  nonmag- 
nesian  limestone  which  have  been  quarried  at  several  points  in  the 
vicinity  and  burned  into  lime. 

The  cement  company  purchased  the  property  of  the  old  Georgia 
Slate  Company,  about  one-half  mile  southwest  of  Rockmart,  and  car- 
ried on  extensive  operations  with  the  diamond  drill.  The  intention 
was  to  quarry  the  slate,  sell  as  slate  the  portions  best  suited  for  that 
use,  and  utilize  the  scrap  and  waste  in  the  manufacture  of  cement. 
The  quarries  from  which  the  limestone  is  obtained  are  located  one-half 
mile  east  of  town,  near  the  mill.  The  president  of  the  cement  com- 
pany is  Mr.  W.  F.  Cowhan,  who  is  also  connected  with  the  Penin- 
sular Portland  Cement  Company,  of  Jackson,  Mich.,  and  the  National 
Portland  Cement  Company,  of  Durham,  Ontario. 

Analyses  of  slate  and  limestone  from  the  particular  quarries  which 
it  is  intended  to  work  could  not  ])e  obtained.  Dr.  J.  W.  Spencer, 
however,  quotes  analyses  of  similar  material  from  the  vicinity,  and 
these  will  serve  to  indicate  the  character  of  the  material  which  will  be 
used: 

Analyses  of  slcUe  and  limestone  from  Rockmatiy  Georgia. 


Silica  (SiO,) 

Alumina  (AljOj) 

Iron  oxide  (FegO,) 

Lime  carbonate  (CaCO, ) 

Magnesium  carbonate  (MgCOg) 

8oda(Na,0) 

Potash  (K,0) 


Slate. 


61.66 

19.64 

7.54 


1.05 
1.27 


Limestone. 


2.23 


2 


94.37 
2.10 


} 


0.40 


95.20 
2.17 


IDAHO. 


Small  isolated  areas  of  crystalline  limestone  (marble)  occur  in  the 
western  portion  of  the  State,  but  no  extensive  areas  of  limestone  are 
known  to  occur. 
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PORTL.AND-CEMENT   RESOURCES   OF  IlililNOIS. 

PORTLAND-CEMENT  MATERIALS. 

Low  magnesia  limestones,  suitable  for  use  in  Portland-cement  man- 
ufacture, occur  in  Illinois  in  three  diflferent  geologic  groups.  The 
limestones  of  these  groups  will  be  discussed  in  the  following  order: 
(1)  Trenton  limestones,  (2)  Mississippian  limestones,  (3)  Coal  Measures 
limestones. 

Of  the  three  groups  named  above  only  one,  the  Coal  Measures,  has 
yet  been  utilized  in  Illinois  as  a  source  of  Portland-cement  material, 
though  the  Mississippian  limestones,  when  their  location,  thickness, 
and  composition  are  considered,  would  seem  to  be  the  most  promising 
group  of  the  three.  The  Trenton  group  occurs  in  large  areas,  but 
only  a  small  part  of  the  limestones  usually  included  in  it  are  sufficiently 
low  in  magnesia 'to  be  worth  considering. 

TRENTON  LIMESTONE. 
DISTRIBUTION. 

Though  the  so-called  Trenton  limestone  covers  a  very  large  part  of 
northern  Illinois,  it  seems,  in  this  part  of  the  State,  to  be  almost 
entirely  a  high-magnesia  rock,  and  therefore  unavailable  as  a  source 
of  Portland-cement  material.  In  western  and  southwestern  Illinois, 
however,  along  the  bank  of  Mississippi  River,  a  number  of  isolated 
areas  of  Trenton  limestone  occur,  and  the  rock  from  these  localities, 
to  judge  from  the  analyses  available,  is  sufficiently  low  in  magnesia  to 
be  used  in  Portland-cement  manufacture. 

The  geologic  map  (PI.  IX,  p.  220)  shows  the  location  of  four  sep- 
arate areas  of  Trenton  limestone  in  the  district  considered  The  first 
of  these  areas  occurs  on  the  east  bank  of  Mississippi  River  at  and 
below  Thebes  for  a  mile  or  two.  The  second  area,  larger  than  this, 
extends  along  the  east  bank  of  Mississippi  River  from  Harrisonville 
to  Smiths  Landing,  in  the  northern  part  of  Monroe  County.  A  third 
area  is  exposed  along  both  banks  of  Illinois  River,  near  Hartford,  in 
Jersey  County.  The  fourth  area  shown  on  the  map  occurs  along  the 
east  bank  of  Mississippi  River,  south  of  Harding,  in  Calhoun  County. 

C0MP08ITI0N. 

The  only  available  anal3^sis  of  Trenton  limestone  from  any  of  these 
areas  in  southwestern  Illinois  is  that  given  below.  It  shows  a  very 
pure  nonmagnesian  limestone.  vSimilar  occurrences  of  nonmagnesian 
limestones  in  the  Trenton  series  across  the  river  in  Missouri  will  be 
found  discussed  on  page  221,  where  further  analyses  are  given. 
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Analyses  of  Trenton  limestone  from  Thebes,  Alexander  County ,  IU.<^ 

[H.  Pratten,  analyst.] 

Silica  (SiO,) 0.06 

Alumina  (AljOj) , \ 

Iron  oxide  (Fe^Os) i     '^ 

Lime  carbonate  (CaCOs) 98.01 

Ma^esium  carbonate  (MgCOj) 1. 59 

Water 1.07 

MISSISSTPPTAN  LIMESTONES. 
DISTRIBUTION. 

The  Mississippian  liniestx)nes  occur  onl}^  in  one  belt,  which  extends 
through  western  and  southern  Illinois.  The  northern  end  of  this  belt 
is  near  New  Boston,  in  Mercer  County.  From  this  point  the  limestones 
extend  southward  along  Mississippi  River,  in  a  belt  averaging,  per- 
haps, 20  miles  in  width,  through  Henderson,  Hancock,  Adams,  and 
Pike  counties.  A  narrow  bninch  of  this  bolt  extends  up  Illinois 
River  as  far  as  Beardstown,  and  narrower  bands  border  several  of 
the  larger  tributaries  of  the  Illinois.  The  main  belt  continues  south- 
ward, parallel  to  and  usually  bordering  Mississippi  River,  and  covers 
the  greater  part  of  Scott,  Greene,  and  Jersey  counties.  Near  Alton 
the  limestone  belt  contracts  until  it  is  only  a  few  miles  in  width,  but 
widens  out  again  a  few  miles  south  of  Alton,  and  covers  extensive 
areas  in  Madison,  St.  Clair,  Monroe,  Randolph,  and  Jackson  counties. 
Near  the  southern  boundary  of  Jackson  County  the  belt  leaves  the 
Mississippi  and  turns  eastward  through  Union,  Johnson,  Pope,  and 
Hardin  counties. 

COMPOSITION. 

As  in  other  States,  the  Mississippian  limestones  of  Illinois  are  in 
general  rather  well  adapted  for  use  as  Portland-cement  materials. 
Occasionally  they  contain  beds  carrying  too  much  magnesium  carbon- 
ate for  this  u.se,  but  the  commonest  type  is  a  limestone  containing  say 
90  to  96  per  cent  of  lime  carbonate,  1  to  4  per  cent  magnesium  car- 
bonate, and  1  to  6  per  cent  of  silica,  alumina,  and  iron  oxide.  The 
analyses  given  below  are  therefore  fairly  representative  of  the 
Mississippian  limestones  of  Illinois. 

aGeology  of  Illinois,  vol.  1.  p.  148. 
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Analyses  of  Mississippian  limestoTies  from  Illinois. 


20 


Silica  (SiO,) I      0.a5 

Alumina  ( A1,0,) ^ 

Iron  oxide  (FcjO,) 

Lime  carbonate  (CaCOj) i    94.68 

Magnesium  carbonate  (MgCOg) 


}  ■ 


4.31 


8 

8 

4 

0.37 

2.72 

12.50 

.27 

1.06 

2.10 

92.77 

90.86 

82.48 

6.75 

3.18 

5 


0.47 

2.18 

95.62 
.82 


1.  Qnincy,  Adams  County.    H.  Prattcn,  analyst.    Geology  of  Illinois,  vol.  1,  p.  lOR. 

2.  Qiilnoy,  Adams  County.    C.  G.  Hopkins,  analyst.    Twentieth  Ann.  Rept.  U.  8.  Geol.  Survey, 
pt.  6.  p.  877. 

3.  Kofliclare.  Hardin  County.    H.  Prattcn,  analyst.    Geologry  of  Illinois,  vol.  1,  p.  374. 

4.  Nauvoo,  Hancock  County.    H.  Prattcn,  analyst.    Ibid.,  p.  99. 

6.  Marblehead,  Adams  County.    N.  G.  Bartlctt.  analyst.    Tweutieth  Ann.  Rept.  U.  8.  Geol.  Survey, 
pt.  6,  p.  377. 

PENNSYLVANIA  {"COAL  MEASVRES")  LIMESTONES. 

DISTRIBUTION. 

The  Pennsylvania  ("Coal  Measures,")  rocks  of  Illinois  cover  most  of 
the  State  south  of  a  line  drawn  through  Paxton,  Wilmington,  Lasalle, 
Princeton,  and  Rock  Island.  The  greater  part  of  this  thick  series  of 
Coal  Measure  rocks  consists  of  shales  and  sandstones,  but  the  presence 
of  oc^casional  relatively  thin  beds  of  limestone  is  of  interest,  for  it  is 
from  these  limestone  beds  of  the  Coal  Measui^es  that  three  of  the  four** 
Portland-cement  plants  now  operating  in  Illinois  draw  their  supply  of 
raw  material. 

The  limestones  occurring  in  the  Coal  Measures  of  Illinois  are  usually 
thin,  but  fairly  persistent.  One  thick  bed,  or  series  of  beds,  is  well 
exposed  near  Lasalle  and  Oglesby,  showing  a  total  thickness  of  20  to 
25  feet  of  limestone. 

The  following  geologic  section  at  Lasalle,  Lasalle  County,  will  serve 
to  indicate  the  position  of  one  of  the  principal  beds  of  Coal  Measure 
limestone.  The  l^eds  are  given  in  descending  order,  and  bed  No.  6 
is  the  limestone  used  by  the  three  Portland-cement  plants  located  at 
and  near  Lasalle. 

Section  at  iMmlle,  111.  * 

Pect. 

(1)  Shales 37 

(2)  Blue  limefltone 1 

(3)  Bituminous  shale  and  coal 2 

(4)  Shales 32 

(5)  Limestone 20 

(6)  Bituminous  shale  and  coal 36 

(7)  Fire  clay  (sometimes  al^sent). 

(8)  Shale 17 

(9)  Limestone 2 

(10)  Shale. 


a  The  fourth  plant  uses  slag. 

h  Report  Illinois  Board  World's  Pair  Commissioners,  1893,  p.  129. 
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In  the  cut  on  the  Illinois  Central  liiiilroad  noilh  of  the  zinc-smelting 
works  at  Lasalle  the  following  section  is  shown: 

Section  near  Lasalle ,  HLo- 

Feet. 

(1)  Green  and  ash-gray  shales 4 

(2)  Nodular  calcareous  shale 3 

(3)  Greenish  shale 12 

(4)  Impure  chocolate-colored  limestone 2 

(5)  Red  and  green  shales 10 

(6)  Green  shaly  clay 8 

(7)  Shaly  limestone 6 

(8)  Upper  main  limestone ' 12 

( 9)  G reen  shale 2 

(10)  Lower  limestone ■. 12 

Beds  8,  9,  and  10  of  this  section,  taken  together,  represent  bed  No. 
5  of  the  preceding  section.  The  shale  parting  which  here  separates 
the  two  limestone  beds  increases  in  thickness  farther  south,  until  at 
Peru  6  or  8  feet  of  shale  intervene  between  the  two  beds  of  limestone. 
This  limestone  series  occurs  at  about  the  horizon  of  coal  bed  No.  9 
of  the  Illinois  reports,  and  is  probably  the  same  as  the  limestones 
exposed  near  Carlinville. 

COMPOSITION. 

The  Coal  Measures  limestones,  though  usually  high  in  clayey  impuri- 
ties, are  commonly  low  in  magnesium  carbonate.  The  analj^ses  given 
in  the  following  table  are  of  the  more  argillaceous  limestones.  Anal- 
yses of  purer  rocks,  used  at  three  Portland-cement  plants  in  the  State, 
will  be  found  on  pages  136  and  137. 

Analyses  of  Coal  Measure  limestones  from  Illinois, 


7.54 


43 


Silica  (SiO,) 

Alamina  (Al^Os) 

Iron  oxide  (Fe^Os) 

Lime(CaO) 45.37 

Magnesia  (MgO) 4.36 


!}.^. 


2 

S 

4 

17.11 

18.54 

13. 89 

1.97 

3.91 

2.61 

44.44 

42.03 

45. 91 

1.12 

1.54 

1.00 

6 


19.49 


10.27 


3.  71       15.  32 


41.75 
1.21 


38.49 
2.41 


1-^.  Lasalle  County. 

6.  Sugar  Creek,  Sangamon  County,  H.  Pratten,  analyst.    Geology  of  Illinois,  vol.  1,  p.  60. 

PORTLAND-CEMENT   INDUSTRY   IN   ILLINOIS. 

Four  Portland-cement  plants  are  at  present  in  operation  in  Illinois. 
Three  of  these  plants  use  limestones  and  shales  from  the  Coal  Meas- 
ures; the  fourth  utilizes  a  mixture  of  blast-furnace  slag  and  limestone. 


aRept.  Geol.  Survey  Illinois,  vol.  7,  p.  4&-47. 
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The  Chicago  Portland  Cement  Company  plant  is  located  at  Oglesby, 
Lasalle  County.  The  following  section  is  exposed  in  their  quarry, 
from  above  downward: 

Section  ai  quarry  of  Chicago  Portland  Cement  Co,^  Oglesby ^  III. 

Limestones feet. .  28 

Black  slaty  shale do. . .  6 

Coal inches. .  3 

Harder  gray  shale feet. .  9 

The  I'aw  materials  used  at  the  plant  are  limestone  from  this  quarry 
and  shale  from  both  of  the  beds  noted.  Analyses  of  the  raw  materials 
are  given  in  the  following  table,  that  of  the  shale  being  from  the  6-foot 
bed  of  black  shale: 

Analyses  at  cement  materials  from  Oglesby ^  111. 


Silica  (SiOJ 

Alumina  ( AlaOg) 

Iron  oxide  ( FcjOa) 

Lime(CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SO,) 
Carbon  dioxide  (COj) . 
Water 


Limestone,  i     Shale. 


6.06 

3.92 

49.46 
.91 
.10 

39.06 


I 


53.12 
20.60 
4.09 
4.02 
2.24 
n.  d. 

13.70 


The  plant  of  the  German-American  Portland  Cement  Corapan}^  is 
located  just  east  of  Lasalle.  The  quariy  shows  8  to  10  feet  of  lime- 
stone, underlain  by  3  to  3^  feet  of  blue  shale,  and  this  in  turn  is  under- 
lain by  11  to  12  feet  of  limestone.  Other  shales  outcrop  beneath  the 
lower  limestone,  but  are  not  at  present  used  in  the  cement  plant. 
Analyses  of  the  raw  materials,  made  by  Mr.  W.  E.  Pri'issing,  follow. 

Analyses  of  cement  maleriah  from  Ixtsalle,  III. 


Limestone. 


Shale. 


Silica  (SiO^) 

Alumina  ( AljOj) 

Iron  oxide  (FejOs)  . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Carbon  dioxid*;  (CO^) 
Water 


I 


5.43 

1.43 

52.  02 
1.11 

40.  24 


5.06 

2.32 

48.29 
3.6(5 

41. 05 


52.  74 

21.73 

12. 37 
2.01 

11.27 


The  plant  of  the  Marquette  Cement  Company  is  located  at  Dickin- 
son, about  5  miles  south  of  Lasalle.  The  limestone  used  is  derived 
from  the  two  heavy  beds  included  in  the  Coal  Measures  of  this  district 
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and  noted  in  the  sections  given  on  pages  134  and  135.  Shales  occurring 
below  the  limestone  are  mined  to  complete  the  mixture.  Analyses  of 
the  raw  materials  used  are  as  follows: 

Analyses  of  cement  materials  from  Dickinsan,  lU.o 


Silica  (SiO,) 

Alumina  ( AljOj ) 

Iron  oxide  (FejOj) . . . 

Lime(CaO) 

Magnesia  ( MgO) 

Sulphur  (S) 

Carbon  dioxide  (CO,) 


Limestone. 

Shale. 

8.20 

54.30 

}•         1.30   1 

19.  33 
5.57 

49.37 

3.29 

.85 

2.57 

n.  d.  ^ 

2.36 

39.72 

n.  d. 

The  fourth  Portland  cement  plant  in  the  State  i.s  that  of  the  Illinois 
Steel  Compan3\  This  is  located  at  Chicago,  and  uses  a  mixture  of 
blast-furnace  slag  and  crushed  limestone. 

BIBLIOGRAPHY  OF  CEMENT  RESOURCES  OF  ILLINOIS. 

In  addition  to  the  few  papers  listed  below  data  on  limestones  and 
clays  are  scattered  through  the  various  volumes  of  reports  issued  b}^ 
the  Illinois  geological  survey. 

CoNovKR,  A.  I).     [Limestones  and  sandstones  of  Illinois.]     Reports  Tentii  Census, 

vol.  10,  pp.  219-226.     1884. 
RiES,  Hkinrich.     [Clays  of  Illinois.]     Prof.  Pajier  U.  S.  G(M)1.  Survey  No.  11,  pp. 

94-97.     1903. 

PORTI^AND-CEMENT  RESOITRCK8  OF  INDIANA. 
PORTLAND-CEMENT  MATERIALS. 

Three  of  the  geologic  groups  represented  on  the  map  of  Indiana 
(PI.  XII,  p.  270)  contain  limestones  which  seem  worthy  of  considera- 
tion as  sources  of  cement  materials.  These  three  groups  are:  (1) 
Cincinnati  shales  and  limestones;  (2)  Mississippi  limestones  and  shales; 
(3)  limestones  of  the  Coal  Measures. 

In  addition  to  the  three  formations  named,  whose  areas  of  outcrop 
are  shown  on  the  map,  a  fourth  source  of  cement  is  found  in  the 
fresh-water  marls  of  Quaternary  age. 

ORDOVICIAN    SHALES  AND   LIMESTONES. 

CINCINNATI  SHALES  AND  LIMESTONES. 

DISTRIBUTION. 

The  Cincinnati  group  occurs  only  in  southeastern  Indiana,  occupying 
part  or  all  of  the  counties  of  Union,  Wayne,  Fayette,  Franklin,  Dear- 
horn,  Ohio,  Switzerland,  Ripley,  and  rlefferson.     In  this  area  it  is 

a  Twentieth  Ann.  Kept.  U.  S.  Geol.  Snrvey,  pt.  G,  p.  641.    AnuIys^M  furniHtu>d  by  company. 
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made  up  of  bluish  thin-bedded  limestones  interbedded  with  soft  bluish- 
green  calcareous  shales.  Toward  the  top  of  the  series  massive  sandy 
limestone  beds,  brownish  in  color,  occur. * 

COMPOSITION. 

No  analyses  of  the  limestones  and  shales  of  this  series  from  Indiana 
localities  are  available,  but  on  pages  173  and  270  will  be  found  a  num- 
ber of  analyses  of  similar  materials  from  adjoining  areas  in  Ohio  and 
Kentucky. 

MISSISSIPPIAN    (''lower  CARBONIFEROUS")    LIMESTONES    AND    SHALES. 

As  shown  on  the  geologic  map,  PI.  XII,  the  MLssissippian  rocks  occur 
in  Indiana  in  a  belt  averaging  20  miles  or  more  in  width  and  extend- 
ing from  Ohio  River  in  a  general  northwesterly  direction  to  the 
Indiana-Illinois  line.  Another  area  underlies  Elkhart,  Lagrange,  and 
St.  Joseph  counties,  in  the  extreme  northern  part  of  the  State. 

The  Mississippian  rocks  as  thus  mapped  include  several  distinct 
formations.  Beginning  at  the  top  there  are  (a)  Kaskaskia  group: 
sandstones,  shales,  and  limestones;  (J)  Mitchell  limestone;  {c)  Bedford 
oolitic  limestone;  {(I)  Harrodsburg  limestone;  (e)  Knobstone  group: 
shales  and  shaly  sandstones. 

KASKASKIA  OR  HURON  GROUP, 

These  rocks  are  from  100  to  150  feet  thick  and  are  immediately 
overlain  by  the  heavy  Mansfield  sandstone  of  the  Coal  Measures.  The 
group  includes  several  lieds  of  limestone  interbedded  with  sandstones 
and  shales.  In  view  of  the  nearness  of  the  thick  and  valuable  Mitchell 
and  Bedford  limestones  it  seems  improbable  that  the  limestones  of 
the  Kaskaskia  group  will  become  of  importance  as  cement  materials. 

MITCHELL  FORMATION. 

This  formation,  lying  below  the  Kaskaskia  group  and  above  the 
Bedford  limestone,  is  a  thick  series  of  limestones  with  occasional  thin 
beds  of  shale.     The  series  varies  in  thickness  from  150  to  250  feet. 

BEDFORD  LIMESTONE. 

This  formation  varies  in  thickness  from  30  to  90  feet,  or  even  less, 
the  greater  thicknesses  being  in  the  area  from  Bedford  to  Salem. 
The  Bedford  limestone  is  the  well-known  oolitic  rock — ^a  creamy 
white  limestone,  soft  when  freshly  quarried,  but  hardening  rapidly 
on  exposure. 

HA  RRODSB  URG  LIMESTONE. 

Underlying  the  Bedford  limestone  is  the  Harrodsburg  limestone,  a 
series  ranging  from  30  to  100  feet  in  thickness  and  made  up  mostly 
of  limestones,  with  occasional  thin  beds  of  shale. 


rt  These  occur  so  seldom  (only  locally  in  Clark  and  Jefferson  counties)  that  the  fact  la  hardly  worth 
mentioning.  The  lower  200  feet  consist  almost  entirely  of  shale,  aiid  in  the  next  200  feet  the  lime- 
stones arc  more  abundant  than  in  other  parts  of  the  aeries. 
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KNOBSTONE  GROUP. 

The  lowest  member  of  the  M ississippian  is  the  Knobstone  group. 
This  is  about  400  feet  in  thickness,  and  is  made  up  of  shales  and  shaly 
sandstones.  The  Knobstone  series  is  of  interest  in  the  present  connec- 
tion because  the  shale  used  at  one  of  the  Portland-cement  plants  of 
the  State  is  derived  from  it. 

COMPOSITION. 

The  composition  of  the  Mississippian  limestones  of  Indiana  is  shown 
by  the  following  analyses: 

AruUyses  of  Missisgippian  limestones  from  Indiana,  o 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 


Silica  (SiOs). 

Alumina 

(AUG:,). 

iron  oxide 

(Fe,0,). 

Lime  carbon- 
ate (CaC(>:,). 

Mairnesiuni 
carbonate 

(Mgr(!0,). 

0.50 

0.98 

96.60 

0.27 

.70 

.91 

96.79 

.23 

1.74 

.29 

95. 62 

.89 

1.60 

.18 

95. 55 

.93 

.a-s 

1.00 

95. 54 

.40 

.90 

3.00 

95.00 

.22 

1.13 

1.06. 

96.04 

.72 

.31 

.48 

.32 
.15 

98.09 
98.91 

.as 

.84 

.13 

97.39 

.78 

.86 

.16 

98.11 

.92 

.64 

.15 

98.27 

.84 

.76 

.15 

98.16 

.97 

1.26 

.18 

97.90 

.65 

1.69 

^                .49 

97. 26 

.77 

.63 

.39 

98.20 

.81 

.15 

.64 

93.80 

4.01 

.50 

1 

.71 

93.07 

4.22 

1.  Chicago  and  Bedford  Stone  Company,  Bedford,  Lawrence  County.    Indiana  Geol.  Surv.,  1878, 
p.  95. 

2.  Simpflon  and  Archer  quarry,  near  Spencer.    Ibid.,  p.  94. 

3.  4,  5.  Dunn  &  Co..  Bloomin^ton.    Twenty-first  Rent.  Indiaha  Dcpt.  Geo!.,  p.  820. 

6.  Monroe  Marble  Company,  Stincsville.    Indiana  Geol.  Rep.,  lt^2,  p.  137. 

7.  Salem.    Idem,  1886,  p.  144. 

8.  Stoclulaffer  quarry.  Harrlnon  County.    Idem,  1878,  p.  96. 

9.  Milltown.    w.  A.  Noyes,  analyst.    Twenty-seventh  Rept.  Indiana  Dept.  Geol.,  p.  98. 

10.  Acme  Bedford  Stone  Company,  Clear  Creek,  Monroe  County.    Twentieth  Ann.  Rcpt.  U.  S.  Geol. 
Survev,  pt.  6,  n.  881. 

11.  Hunter  Brothers'  quarry,  Hunter  Valley.    W.  A.  Noyes,  analyst.    Twenty-first  Jlept.  Indiana 
Dept  Geol.,  p.  320. 

12.  Indiana  Stone  Company.  Bedford,  Lawrence  County.    W.  A.  Noyes,  analyst.    Ibid. 

13.  Twin  Creek  Stone  Company.  Salem,  Washington  County.    W.  A.  Noyes,  analyst.    Ibid. 

14.  Romona  Oolitic  Stone  Company  Romona.  Owen  (;ounty.    W.  A.  Noyes,  analyst.    Ibid. 
LVie.  Hoosier  Stone  Company,  Beaford.  I^awrence  County.    F.  W.  Clarke,  analyst.    Bull.  U.  fi.  Geol. 

Survey  No.  42,  p.  140. 

17-18.  Indiana  Steam  Stone  Works,  Big  Creek.    L.  H.  Streaker,  analyst.    Twenty-first  Rept.  Indiana 
Dept.  Geol.,  p.  820. 


a  These  analyses  are  mostly  of  the  Bedford  limestone. 
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LIMESTONES  OF  THE   PENNSYLVANIA   SERIES  (CJOAL  MEASURES). 

Limestone  beds  occur  in  the  Coal  Measures  of  Indiana,  but  details 
regarding  their  distribution  and  composition  are  lacking.  On  pages 
134-135  will  be  found  a  discussion  of  the  Coal  Measures  limestones 
occurring  in  adjacent  portions  of  Illinois. 

FRESH-WATER  MARLS  OF  QUATERNARY  AGE. 

A  very  detailed  report  on  "The  lakes  of  northern  Indiana  and  their 
associated  marl  deposits,"  by  W.  S.  Blatchley  and  G.  H.  Ashley, 
appeared  on  pages  31-321  of  the  Twenty-fifth  Annual  Report  Indiana 
Department  Geology  and  Natural  Resources.  In  this  report^U  the 
known  marl  deposits  in  the  State  are  separately  described  and  detailed 
maps  of  the  deposits  arc  given.  The  following  data  are  abstracted 
from  this  report: 

DIOTRIBITTION. 

Marl  deposits  of  sufficient  size  to  justify  the  erection  of  Portland- 
cement  plants  occur  in  Indiana  only  in  the  three  northern  tiers  of 
counties.  The  largest  of  these  deposits,  so  far  as  area  is  concerned, 
is  in  Lake  Wawasee,  which  contains  al)out  1,700  acres,  while  the 
thickest  deposit  (45  feet)  is  reported  from  Turkey  Lake,  Lagrange 
County. 

A  deposit  of  marl  covering  160  acres  and  10  feet  thick  will  suppl}' 
for  thirty  years  a  cement  plant  producing  500  barrels  a  day.  Thirty- 
three  depositiJi  of  this  size  or  greater  are  described  in  the  report.  The 
names  and  locations  of  the  lakes  containing  these  workable  deposits  are 
as  follows: 

Marl  depoffits  in  Indiana, 

1.  Ilojf  Lake,  Steuben  County,  2  miles  west  of  tlie  village  of  Jamestown,  James- 

town Township. 

2.  \auw  l^ke,  Steuben  County,  1  mile  northwest  of  Orland  (Mill  Grove  Town- 

ship). 

3.  Clear  Uke,  Steuben  County,  in  sees.  19  and  20,  T.  38  N.,  R.  15  E.  (Clear  Lake 

Township). 

4.  Shallow  and  Deep  lakes,  fiteul)en  County,  sees.  0  and  7,  T.  37  N.,  R.  12  E. 

(Jackson  Township). 

5.  James  Lake,  Steul)en  C/ounty,  3  miles  northwest  of  Angola. 

6.  Gage  I^ke,  Steul)en  County,  sec.  35,  T.  38  N.,  R.  12  E. 

7.  Silver  Lake,  Steuben  County,  4  miles  west  of  Angola. 

8.  Shipshewana  Lake,  Lagrange  County,  three- fourths  of  a  mile  west  of  Ship- 

shewana. 

9.  Cedar  and  Grass  lakes,  I^grange  County,  3  miles  northeast  of  Lima. 

10.  Fi.sh  I^ke,  Lagrange  County,  8  miles  southeast  of  Lagrange. 

11.  Turkey  Lake,  Lagrange  County,  near  Stroh. 

12.  Waldron  I^ke,  Noble  County,  2  miles  west  of  Rome  City. 

13.  Eagle  Lake,  Noble  County,  sec.  6,  T.  34  N.,  R.  9  E. 
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14.  Deer  Lake,  Noble  County,  sec.  25,  T.  34  N.,  R.  8  E.  (Sparta  Township). 

15.  Crooked  Lake,  Whitley  County,  sees.  3  and  4,  T.  32  N.,  R.  9  E.  (Thorn  Creek 

Township). 

16.  Loon  Lake,  Whitley  County,  9  miles  northwest  of  Columbia  City. 

17.  Simonton  Lake,  Elkhart  County,  sees.  13,  14,  15,  16,  and  17,  T.  38  N.,  R.  5  E. 

(Osolo  Township). 

18.  Indiana  Lake,  Elkhart  County,  northwest  of  Bristol. 

19.  Turkey  Lake,  Kosciusko  County,  near  Syracuse. 

20.  Syracuse  Lake,  Kosciusko  County,  near  Syracuse. 

21.  Milford  Lake,  Kosciusko  County,  4  miles  southeast  of  Milford. 

22.  Tippecanoe  Lake,  Kosciusko  County,  three-fourthp  of  a  mile  southeast  of 

Milford. 

23.  Barliee  Lake,  Kosciusko  County,  3  miles  southeast  of  Oswego. 

24.  Little  Eagle  Lake,  Kosciusko  County,  3}  miles  northeast  of  Warsaw. 

25.  Center  Lake,  Kosciusko  County,  Warsaw. 

26.  Winona  Lake,  Kosciusko  County,  1  mile  southeast  of  Warsaw. 

27.  Manitou  I^ke,  Fulton  County,  1  mile  southeast  of  Rochester. 

28.  Maxinkuckee  Lake,  Marshall  County,  sees.  15,  16,  21,  22,  27,  28,  and  34,  T.  32 

N.,  R.  1  E. 

29.  Houghton  Lake,  Marshall  County,  sees.  7  and  18,  T.  32  N.,  R.  1  E.  (Union 

Township). 

30.  Chain  Lake,  St.  Joseph  County,  5  miles  w^est  of  South  Bend. 

31.  Du  ChemJn  Lake,  Laporte  County,  11  miles  northeast  of  Laporte. 

32.  Fish  Lake,  Laporte  County,  Fish  Lake  station. 

33.  North  Judson  Marsh,  Starke  County,  3}  miles  west  of  North  Judson. 

A  number  of  other  marl  deposits  are  described,  which,  though  of 
sufficient  size,  have  the  larger  part  of  their  area  covered  by  10  feet 
or  more  of  water,  and  are,  therefore,  not  workable  under  present 
conditions. 

COMPOSITION. 

The  composition  of  these  marls  is  shown  by  the  following  table: 

Analyses  of  (^atemary  marls  from  IndianaJ'^ 


•> 


3. 


5. 

6. 

7. 

8. 

9, 
10. 
11. 


No. 


Silica. 
(SiO,). 

Alumina 
(AljOa). 

Iron 

oxide 

(FeaOs). 

Lime  car- 
bonate 
(CaCOa). 

Magne- 
sium car- 
bonate 
(MgCO,). 

Organic 
matter. 

0.68 

0.14 

0.28 

90.42 

2.88 

4.13 

1.08 

1.16 

86.00 

9.42 

2.32 

1 

.47 

.04 

.12 

93.29 

2.67 

1.56 

1.16 

.29 

92.41 

2.38 

1.97 

4.52 

1.34 

84.00 

6.46 

3.68 

5.95 

.41 

.42 

82.07 

2.63 

6.71 

7.94 

.64 

82.89 

2.04 

3.67  : 

1.42 

.88 

88.21 

4.78 

2.58 

1.78 

1.21 

88.49 

2.71 

4.23 

2.00 

.53 

92.35 

3.54 

2.12  1 

4.52 

.18 

.30  ! 

84.24  . 

2.85 

5.02  1 

CaSO^. 


oTwenty-fifth  Ann.  Kept.  Indiana  Dept.  Geol.  Nat.  Res.,  p.  321.    W.  A.  Noyes,  analyst. 


0.15 


.22 


1.58 
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Analyses  of  QiuUemary  marls  from  Indiana — Continued. 


No. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


Alumina 
(AlsOs). 


0.06 


.15 
.19 
.12 
.05 
.09 
.04 
.05 
.10 


.45 


1.  Hog  Lake,  Steuben  County. 

2.  Lime  Lake.  Steuben  County. 
8.  Deep  Lake,  Steuben  County. 

4.  James  Lake,  Steuben  County 

5.  Silver  Lake,  Steuben  County. 

6.  Loon  Lake,  Whitley  County. 

7.  Mud  Lake,  Elkhart  County. 

8.  C-ooley  Lake,  £lkhart  County. 

9.  Syracuse  Lake,  KosciuHko  County. 
10.  Dewart  Lake,  Kosciusko  (bounty. 
IL  Dewart  Lake,  Kosciusko  County. 

12.  Tippecanoe  Lake,  Kosciusko  County. 


Iron 

oxide 

(FesOs). 

Lime  car- 
bonate 
(CaCO,). 

0.26 

90.67 

.29 

91.02 

.35 

84.75 

.30 

87.65 

.33 

85.02 

.33- 

85.38 

.51 

75. 07 

.20 

89.22 

.07 

91.62 

.20 

87.92 

.08 

91.30 

.74 

89.92 

Magne- 
sium car- 
bonate 
(MgCQa). 


2.42 
2.28 
2.84 
2.60 
3.85 
3.50 
4.18 
2.73 
4.02 
2.64 
2.90 
2.46 


Organic 
matter. 


2.87 
2.10 
5.69 
2.88 
3.21 
3.15 
3.65 
4.15 
2.25 
4.18 
3.88 
4.51 


CaS04. 


0.17 

.17 
.11 


.14 
.23 
.22 


13.  Tippecanoe  I^ke,  KutKtitutko  County. 

14.  Little  Eagle  Lake,  KoHciu^ko  County. 
16.  Manitou  Lake,  Fulton  Countv. 

16.  Maxinkuckee  Lake,  Marshall  County. 

17.  Maxinkuckee  Lake,  Marehall  County. 

18.  Maxinkuckee  Lake,  Marshall  Countv. 

19.  Houghton  and  Moore  lakes,  Marshall  County. 

20.  Notre  Dame  Lake,  St.  Joseph  County. 

21.  Chain  and  Bass  lakes,  St.  Joseph  County. 

22.  Kankakee  Marsh,  St.  Joseph  County. 

23.  North  Judson  Marsh,  Starke  County. 


PORTLAND-CEMENT   INDUSTRY   IN   INDIANA. 

Three  Portland  cement  plants  are  now  in  operation  in  Indiana. 
These  are  the  plants  of  the  Sandusky  Portland  Cement  Company,  at 
Symcuse,  the  Wabash  Portland  Cement  Company,  at  Stroh,  and  the 
Lehigh  Portland  Cement  Company,  at  Mitchell.  Of  these,  the  first 
two  mentioned  use  a  mixture  of  marl  and  clay,  while  the  plant  last 
named  uses  hard  limestone  and  clay. 

Analyses  of  the  materials  used  at  these  plants  and  of  their  product 
follow: 
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Analyses  of  raw  materials  and  cement  from  Syracuse,  Ind. 


Silica  (SiO,) 1.74 

Alumina  (AljO,) '        0.90 

Ironoxide  (Fe,0,) 0.28 

Lime(CaO) 49.84 

Magnesia  (MgO) 

Sulphur  trioxide  (SOg) 

Carbon  dioxide  (CO,) 

Water 

Organic n.  d. 


} 


1.75 
1.12 

46.01 


2. 


} 


} 


1.78 

1.21 

49. 55 
1.29 

(«) 
40.36 

4.23 


3. 


55.27 

10.20 
3.40 
9.12 
5.73 

n.  d. 

n.  d. 

n.  d. 

n.  d. 


aCaSp4, 1.68  per  cent, 

1.  Marl.    Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Gcol.,  p.  28. 

2.  Marl.    Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  6,  p.  493. 
8.  Clay.    Twenty-Hfth  Ann.  Rept.  Indiana  Dept.  Geol.,  p.  28. 

4.  Cement.    Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geol.,  p.  28. 


4. 


22.06 
4.80 
1.66 

65.44 
3.82 
0.90 


Analyses  of  raw  materials  and  cement  from  Strohj  Ind. 


1. 


Silica  (SiO,) |  0.85 

Alumina  (AlA) \\  ^  ^ 

Iron  oxide  (FcjOj) / 

Lime  (CaO) \  51.04 

Magnesia  (MgO) j  1.31 

Alkalies  ( K,0,  Na,0) |  n.  d. 

Sulphur  trioxide  (SOs) i  n.  d. 

Carbon  dioxide  (CO,) 40. 10 

Water n.  d. 

Organic n.  d. 


2. 


0.66 

0.62 

53.17 
0.47 
n.  d. 
n.  d. 
42.35 


2.53 


3. 


} 


61.70 

18.00 

8.40 
2.91 

n.  d. 

n.  d. 

13.30 


4. 


57.74 

17.76 

7.80 
3.52 

n.  d. 

n.  d. 

12.30 


{ 


56.74 

19.43 
4.83 
7.27 
3.05 

n.  d. 

n.  d. 

10.39 


{ 


1.  Marl.    W.  R.  Oglesby.  analvst.    Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geol.,  p.  112. 

2.  Marl.    Analysis  given  by  Wabash  Portland  Cement  Company,  1904. 
3-4.  Clay.    Analysis  given  oy  Wabash  Portland  Cement  Company,  190-1. 

5.  Clay.    W.  R.  Oglesby,  analyst.    Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geol.,  p  112. 

6.  Cement    W.  R.  Oglesby,  analyst.    Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geol.,  p.  28. 


21.78 
7.31 
2.65 

62. 35 
2.88 
0.47 
1.78 
0.23 
0.55 
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Analyses  of  raw  materials  for  cement  from  MUchellf  Ind, 


Silica  (SiO,) 

Alumina  (AljOj) 

Iron  oxide  (FejjOj) . . . 

Lime  (GaO) 

Magnesia  ( MgO) 

Alkalies  (KANa,0). 
Carbon  dioxide  (CO,) 
Water 


a  With  TlOj,  1.06  per  cent. 

1.  LimcHtone.    F.  W.  (Marke,  analjrst.    Specimen  collected  by  E.  C.  Eckel. 

2.  Shale.    Twenty-sixth  Ann.  Kept.  Indiana  Dept.  Gcologry.  p.  276. 


BIBLIOGRAPHY  OF  CEMENT  RESOURCES  OF  INDIANA. 

The  following  papera  relate  to  the  raw  materials  or  the  manufacture 
of  Portland  cement  in  Indiana: 

Blatchley,  W.  S.  Preliminary  report  on  the  clays  and  clay  industries  of  the  coal- 
l>earing  counties  of  Indiana.  Twentieth  Ann.  Kept.  Indiana  Dept.  Geology, 
pp.  24-187.     1896. 

BL.\TcnLEY,  VV.  S.  Clays  and  clay  industries  of  northwestern  Indiana.  Twenty- 
second  Ann.  Kept.  Indiana  Dept.  Geology,  pp.  105-153.     1898. 

Blatcfiley,  W.  S.  Portland  cement  (in  Indiana).  Twenty-fifth  Ann.  Rept.  Indiana 
Dept.  Geology,  pp.  1-30.     1901. 

Blatchley,  W.  S.  Oolite  and  oolitic  stone  for  Portland  cement  manufacture.  Twenty- 
fifth  Ann.  Rept.  Indiana  Dept.  Geology,  pp.  322-330.     1901. 

Blatchley,  W.  8.,  and  Ashley,  G.  H.  The  lakes  of  northern  Indiana  and  their  asso- 
ciated marl  deposits.  Twenty-fifth  Ann.  Rept.  Indiana  Dept.  Geology,  pp.  31- 
321.     1901. 

Hopkins,  T.  C,  and  Siebenthal,  C.  E.  The  Bedford  white  limestone  of  Indiana. 
Twenty-first  Ann.  Rept.  Indiana  Dept.  Geology,  pp.  291-427.     1897. 

Lathbury,  B.  B.,  and  Spaceman,  H.  S.  The  Wabash  Portland  Cement  Company, 
Stroh,  Ind.     The  Rotary  Kiln,  pp.  128-133.     1902. 

Siebenthal,  C.  E.  The  Bedfonl  oolitic  limestone  (Indiana).  Nineteenth  Ann. 
Rept.  U.  S.  Geol.  Survey,  pt.  6,  pp.  292-296. 


PORTIiAND-CEMENT  RESOURCES  OF  INDIAN  TERRITORY. 

By  J.  A.  Taff. 

Limestones  of  several  different  ages  occur  in  Indian  Territory,  and 
it  is  probable  that  most  of  them  would  be  suitable  for  cement  mate- 
rials.    No  complete  analyses,  however,  are  available. 
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CAMBRIAN,  ORDOVICIAN,  AND  SILURIAN  LIMESTONES. 

I 

A  large  part  of  the  Arbuckle  Mountains  in  Indian  Territory  and  of 
the  northern  foothills  of  the  Wichita  Mountains  in  southern  Oklahoma 
are  composed  of  a  great  section  of  Cambrian,  Ordovician,  and  Silurian 
limestones,®  having  a  total  thickness  of  nearly  8,000  feet.  There  are 
three  distinct  limestone  formations  in  this  section,  separated  by 
deposits  chiefly  of  shale. 

ARUVCKLK  LIMESTONE. 

The  lowest  of  these,  known  as  the  Arbuckle  limestone,  consists  of 
limestone  and  dolomite  of  Cambro-Ordovician  age  4,000  to  6,000  feet 
thick.  Samples  from  the  lower  part  and  from  the  top  downward  600 
or  700  feet  were  tested  for  magnesia  and  lime  and  showed  a  very  small 
percentage  of  magnesia.  Beds  2,500  feet  below  the  top  contain  a  small 
amount  of  magnesia.  Probably  2,000  feet  of  massive  beds  in  the  cen- 
tral part  of  the  formation  are  dolomitic.  A  sample  from  approxi- 
mately the  middle  of  the  formation  yielded  29.4  per  cent  of  lime  and 
19.2  per  cent  of  magnesia,  showing  it  to  be  a  nearly  normal  dolomite. 
A  sample  from  the  lower  part  of  this  dolomitic  zone  showed  contents 
of  33.1  per  cent  of  lime  and  14.3  per  cent  of  magnesia.  The  Arbuckle 
limestone  outc^rops  over  more  than  three-fourths  of  the  surface  of  the 
central  part  of  the  Arbuckle  Mountain  district,  inclosing  pre-Cambrian 
granite  and  granite-porphyry.  Almost  all  of  the  limestones  of  the 
Wichita  Mountains  l^eloug  to  this  formation,  which  is  fine-textured 
and  generally  hard. 

VIOLA  FORMATION. 

An  Ordovician  limestone,  500  to  700  feet  thick,  known  as  the  Viola 
•formation,  outcrops  in  a  belt  in  the  border  of  the  Arbuckle  Mountains 
and  in  small  areas  in  the  central  part.  It  makes  three  small  hills  near 
Rainy  Mountain  Mission,  in  the  Wichita  Mountains.  This  formation 
is  of  limestone,  with  the  exception  of  local  deposits  of  chert.  Chem- 
ical tests  of  samples  from  this  limestone  in  the  Arbu(;kle  Mountains 
show  it  to  contain  very  little  magnesia.  It  is  tine-textured  and  gen- 
erally hard. 

SYLVAN  SHALE. 

Above  the  Viola  limestones  is  a  deposit  of  greenish  clay  50  to  300 
feet  in  thickness,  known  as  the  Sylvan  shale.  This  clay  outcrops  in 
narrow  belts  and  has  a  wide  distribution  in  the  Arbuckle  Mountains, 
but  in  the  Wichita  Mountains  both  it  and  the  Hunt<m  are  concealed 
by  Permian  deposits. 


oTheite  limeRtones  are  dciHTibed  in  detail  in  the  Atoka  and  Tishomingo  folioH  Non.  79  and  9M.    AImo 
in  the  Geology  of  the  Arbuckle  and  Wichita  Mountains:  Prof.  Paper  U.  S.  Gcol.  Survey,  No.  31. 
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HUNTON  LIMKS  TONES. 

Separated  from  the  Viola  limestone  by  about  150  to  300  feet  of  clay 
shale  is  a  Silurian  formation  having  an  average  thickness  of  about  200 
feet.  This  formation  varies  in  physical  character  and  in  composition 
through  its  section.  A  massive  bed  at  the  base  is  in  places  almost 
pure  limestone  and  is  white,  while  in  others  it  is  in  large  part  siiici- 
fied.  In  the  central  part  beds  of  clay  and  marl  are  interstratitied 
with  the  limestone.  Samples  of  limestone  from  the  lower  part  of 
these  beds  contain  a  small  amount  of  magnesia.  Toward  the  top  the 
limestone  is  white  to  light  yellow  and  becomes  more  massive.  Some 
of  the  layers  near  the  top,  however,  contain  local  segregations  of 
chert.  In  the  reports  above  cited  this  formation  is  known  as  the  Hun- 
ton  limestone.  Like  the  Viola  limestone,  it  outcrops  around  the  bor- 
ders of  Arbuckle  Mountains  in  a  narrow  belt,  besides  occurring  in 
many  small  areas  in  the  central  part. 

CARBONIFEROUS   LIMESTONE^. 

In  northern  Indian  Territory  are  a  few  belts  of  Carboniferous  lime- 
stones — continuations  of  the  areas  which  are  so  important  in  Kansas. 
These  limestones  thin  out  and  disappear  to  the  south,  however,  and 
are  probably  of  workable  thickness  only  in  the  Cherokee  Nation. 
Other  formations  of  middle  Carboniferous  age  occur  in  the  eastern 
part  of  the  Cherokee  Nation  and  extend  into  Arkansas  north  of  the 
Boston  Mountains.  These  limestones  are  thin  bedded,  and  with  them 
are  associated  deposits  of  blue  to  black  clay  shales.  Analyses  of  some 
of  the  beds  from  their  eastern  extension  in  Arkansas  show  only  a  trace 
or  a  fraction  of  a  per  cent  of  magnesia. 

In  central  Choctaw  Nation  and  along  the  southern  edge  of  the  coal 
field,  is  a  long  lentil  of  Car}>oniferous  limestone  of  the  same  age  and 
character  as  the  limestones  in  eastern  (Cherokee  Nation.  In  the  cen- 
tral part  of  the  exposure  many  of  the  beds  are  massive  and  the  forma- 
tion attains  a  thickness  of  nearly  800  feet.  The  eastern  end  of  these 
exposures  extends  nearly  to  the  Arkansas  line  on  the  north  flank  of 
the  Ouachitji  Mountains,  while  the  Avest  end  is  in  the  edge  of  the 
Chickasaw  Nation,  against  the  Arbuckle  Mountjiins.  Judging  from 
ph3\sical  characters  this  limestone  is  essentially  the  same  in  quality  as 
limestones  above  described  in  eastern  Indian  Territory  and  Northern 
Arkansas. 

CRETACEOUS   LIMESTONES. 

Cretaceous  limestones  occur  in  the  southern  part  of  the  Territory, 
in  several  distinct  formations  associated  with  the  limy  clays.  These 
limestones  are  mostly  soft,  thin   bedded,  and  are  of  various  shades,. 
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ranging  from  light  blue  through  cream  to  white.  The  lowest  lime- 
stone bed  is,  however,  massive,  white,  and  generally  homogeneous. 
These  formations  continue  southward  in  unbroken  exposures  from 
Red  River,  and,' judging  from  analyses  of  very  similar  beds  occurring 
in  Texas,  are  probably  low  in  magnesia. 

PORTIiAND-CEMI<:NT  RESOURCES  OF  IOWA. 

By  H.  Foster  Bain. 

It  has  already  been  shown  that  materials  capable  of  furnishing  the 
silica  and  alumina  necessary  to  the  manufacture  of  Portland  cement 
are  widespread,  and  that  the  location  of  new  plants  is  apt  to  be  deter- 
mined by  the  presence  of  suitable  calcareous  deposits  and  favorable 
industrial  conditions.  Iowa  affords  no  exception  to  these  general 
rules.  In  practically  all  parts  of  the  State  are  shales  or  clays  which 
might,  if  necessary,  be  used  as  one  of  the  constituents  of  a  cement 
mixture.  The  indurated  rocks  from  the  Ordovician  to  the  Cretaceous 
afford  shales  of  wide  distribution  and  excellent  character.  The  surface 
formations  supplement  these  resources  with  loess,  alluvium,  and  cer- 
tain minor  bodies  of  water-laid  clay  of  glacial  derivation.  Material 
suitable  for  use  in  the  manufacture  of  Portland  cement  can  be  found 
at  almost  every  point  in  the  State  (see  PI.  V). 

The  calcareous  constituent  of  cements  mav  be  derived  from  marls, 
chalk,  and  limestone.  All  these  occur  within  the  State,  though  they 
are  of  very  unequal  importance. 

GALCASEOnS  MAKL8. 

Marl  occurs  in  lakes  which  are  particularly  characteristic  of  the  area 
covered  by  the  Wisconsin  drift.  The  north-central  portion  of  Iowa  is 
covered  by  drift  of  Wisconsin  age/'  and  is  dotted  with  small  shallow 
lakes  resembling  in  appearance  and  genesis  those  of  Michigan.  From 
time  to  time  small  amounts  of  marl  have  teen  reported  from  this  area, 
and  while  so  far  no  bodies  of  commercial  importance  have  been  located 
it  is  not  impossible  that  such  may  be  found. 

CHALK  DEPOSITS. 

DISTRIBUTION. 

The  Cretaceous  deposits  which  cover  the  western  third  of  Iowa 
include  important  bodies  of  chalk.  W^ith  but  two  exceptions,  both  of 
which  are  unimportant,  outcrops  of  the  chalk  beds  are  confined  to  the 
valley  of  the  Big  Sioux  River  between  Sioux  City  and  Hawarden. 
The  chalk  beds  received  some  attention  in  the  cour.se  of  the  early  geo- 

aSee  PI.  II,  luwa  Oeol.  Surv.,  vol.  11,  lUOO. 
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logical  suiTeys  of  the  region,  and  have  been  recently  restudied  by 
Calvin,^  Bain,*  and  Wilder. '^ 

The  chalk  forms  prominent  bluffs  at  intervals  and  may  be  well  seen 
near  Westfield,  Akron,  and  Hawarden.  It  was  referred  to  the  Nio- 
brara formation  until  Wilder  discovered  fossils  characteristic  of  the 
Benton  in  the  shale  above.  This  proves  that  the  Iowa  chalk  is  the 
ecjuivalent  of  the  "Oyster  Shell  Rim"  of  the  Black  Hills  or  the 
Graneros  limestone. 


THICK  NB88. 


A  thickness  of  20  to  30  feet  is  ordinarily  seen  in  individual  expos- 
ures, but  a  total  thickness  of  50  feet  is  probably  present.  A  general- 
ized section  may  be  given  as  follows: 


Section  of  chalk  beds. 


^ 


Feet, 
li  Chalk ^ >, 4-6 

2.  Limestone,  soft,  splitting    into    thin    slabs   and    crowded    with    shells    of 

Inoceramwt 12 

3.  Chalk 12 


COMPOSITION. 


The  interbanding  of  thin-bedded  limestone  with  the  chalk,  as  shown 
in  the  foregoing  section,  is  quite  characteristic.  Both  materials  are 
soft  and  grind  easily.  Almost  no  magnesia  is  present,  as  is  shown  by 
the  following  analyses,  and  in  some  instances  the  chalk  beds  them- 
selves carry  enough  or  more  than  enough  cla}'  to  make  a  good  cement 
mixture.  In  all  cases  excellent  clays  occur  immediately  alx)ve  or 
below.  The  clays  are  now  being  used  at  Sioux  City  and  elsewhere  in 
the  manufacture  of  a  wide  variety  of  clay  products. 

Analyses  of  lonu  chalks. 


Silica  (SiOa)  and  insoluble 22.70 

Iron  oxide  and  alumina  ( Fe^Os  *rwl  Al^Oj) 6. 68 

Calcium  carbonate  (CaCOj) 64.30 

Magnesium  luirbonate  ( MgCO,) |  5. 38 

Water 


1.  Chalk  rock,  Hawarden.  Iowa.    Newberry,  analyst. 

2.  (.halk  rcK'k.  Westfield,  Iowa.    Weenia,  analyst. 

3.  Chalk  rock,  Lemars,  Iowa.    Weeins,  analyst. 


aCaivin,  S.,  Cretaceous  deposits  of  VVocKibury  and  Plymouth  counties,  etc.:  Iowa  Geol.  Survey,  vol. 
1, 1893.  pp.  147-161. 

bBain,  H.  F.,  Cretaceous  deposits  of  the  Sioux  Valley:  Iowa  (ieol.  Survey,  vol.  3, 1895,  pp.  101-114; 
Geology  of  Woodbury  County,  ibid,  vol.  5,  1896,  pp.  273-275,  295-296;  Geology  of  Plymouth  County, 
ibid,  vol.  8.  1898,  pp.  354-360. 

f  Wilder,  F.  A.,  Geology  of  Lyon  and  Sioux  counties:  Iowa  Geol.  Survey,  vol.  10, 1900,  pp.  111-115, 
151-152. 
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It  is  evident  that  materials  suitable  for  the  manufacture  of  cement 
are  available,  and  this  conclusion  is  confirmed  bv  the  fact  that  at 
Yankton,  S.  Dak.,  a  plant  has  for  many  years  l>een  in  operation  in 
which  similar  •  lx»ds  belonging  to  the  Niobrara  are  used.  Further- 
more, in  tests  carried  on  at  Sioux  City  cement  has  been  made  experi- 
mentally from  the  local  material." 

UMEBTOHES. 

Nonmagnesian  limestones  are  found  in  Iowa  in  the  Ordovician, 
Devonian,  and  Carlwniferous.  The  limestones  of  the  Cambrian  and 
Silurian  are  without  imix)rtant  exception  highly  magnesian.  Those 
of  the  Ordovician  are  predominantly  magnesian,  though  an  exception 
occurs  in  the  cnse  of  the  beds  which  it  has  been  customary  to  map  and 
discuss  under  the  name  Trenton.  In  eastern  Iowa  the  dolomites  and 
magnesian  limestones  have  heretofore  attracted  more  attention  than 
the  nonmagnesian  rocks,  and  flourishing  lime  and  building  stone 
industries  have  been  founded  upon  them.  Limestone  of  one  class  or 
the  other  occurs  in  all  of  the  eastern  and  most  of  the  southern  coun- 
ties. In  the  northwest  the  covering  of  Cretaceous  and  Pleistocene 
dejwsits  limits  the  outcrops  to  a  few  deep  stream  valleys.  The  geneml 
distribution  of  the  geologic  formations  of  the  State  is  shown  on 
PI.  V.  For  detiiils  of  localites  the  reader  is  referred  to  the  various 
county  reports  of  the  Iowa  Geological  Survey  cited  in  this  text.  The 
transi)ortation  facilities  available  at  each  point  may  be  l)est  learned 
from  the  large  map  of  the  State  pul)lished  and  distri})ut<»d  gratuitously 
by  the  mil  way  commissioners. 

OKUOVI(;iAN   LTMKSTONKS. 

DISTHim^TlON. 

Below  the  Devonian  but  one  limestone  outcTops  in  Iowa  which  is  at 
all  suitable  for  Portland  cement  manufacture.  It  is  known  as  the 
Trenton,  and  occupies  iK)rtions  of  Duliuque,  Clayton.  Fay(»tte, 
Winneshiek  and  Allamak(»e  counties.''  Tnder  this  name  has  l)een 
mapped  an  aggregate  of  nonmagnesian  limestones  and  thin  shales, 
varying  in  thickness  from  IT)  to  850  f(»et.  The  variation  i?i  thickness 
is  an  expression  of  the  fact  that  the  difference*  l)etw(»en  the  (lalena  and 
Trenton  is  lithologic  and  not  formational.  It  is  probable  that  in  the 
future  the  division  will  l)e  made  uj)on  some  other  basis,  but  for  present 
]mri)oses  the  lithologic  differcnct*  is  the  important  one.  The  strata 
included  on  this  basis  within  the  Trenton  are  in  the  main  either  non- 

'«  L«mwlale.  E.  H.,  Vrtn:  Iowa  Acad.  S<*i..  v<»l.  2.  Is95.  p.  173. 

^K«'IK>rtHon  the  K^'olo^ry  of  Fayotlo.  \VIniH*sliU-k,  ami  Claytcm  ((Mintirs  an*  now  in  preparation. 
For  thoKt-ology  of  Allaniakfc  County  sua  luwa  Gcol.  Survey,  vol.  -I,  pp.  ;i.viju;  for  l)ubn<inr  ('<.uMty 
jifo  ibltl,  vol.  10,  pp.  37VM;51. 
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magnesian  or  only  slightly  magnesian.  In  composition  as  in  geologic 
position  they  are  almost  exactly  equivalent  to  the  famous  cement  rock 
of  the  Lehigh  Valle3%  from  which  60  per  cent  of  the  Portland  cement 
of  the  United  States  now  comes. 

Excellent  exposures  of  the  Trenton  occur  along  the  Mississippi 
River  and  its  tributaries  in  the  counties  named  alwve.  At  Specht 
Ferry,  in  Dubuque  County,  the  following  section  was  observed: 


Feet. 


Spechl  Ferry  section, 

1.  Thin-bedded  brown  domoUte  with  shaly  partings  (Galena) 4 

2.  Thin-l)e<lded,  imperfectly  dolomitized  limestone,  with  fossil  brachiopod 

shells  only  slightly  changed;  the  limestone  brown,  earthy,  noncrystalline, 

but  evidently  of  the  Galena  tyi>e 3 

3.  Thick,  earthy,  imperfectly  dolomitized  beds  ( Galena) 3 

4.  Thin  limestone  beds  with  much  shale  in  the  partings;  in  part  a  true  shale.  5 

5.  Limestone,  bluish,  rather  coarse  grained,  with  a  few  fossils 4 

6.  Limestone  similar  to  above 3 

7.  Limestone  similar  to  above 18 

8.  Shale,  bluish  or  greenish,  containing  occasional  thin  beds  or  discontinuous 

flakes  of  limestone;  the  "  Green  shales  '*  of  the  Minnesota  geologists  ...        12 

9.  Thin-bedded,  bluish,  rather  coarse-grained  limestone,  weathering  brown- 

ish in  color 5 

10.  Limestone,  in  rather  heavy  layers,  which  range  up  to  15  inches  in  thick- 

ness; bluish  on  fresh  fracture,  but  weathering  to  buff  on  exposure 5 

11.  Brittle,  fine-grained  blue    limestone,  very  fossiliferous,   breaking  up  on 

weathered  surfaces  into  flexuous  layers  about  2  inches  in  thickness 20 

12.  Lower  buff  beds,  exposed,  about 8 

13.  Unexposed  to  level  of  water  in  river 45 

COMPOSITION. 

The  ''Green  shale"  No.  8  of  the  above  section  and  the  limestones 
alK)ve  and  below  were  sampled  and  analyzed  by  Mr.  Lundteigen  with 
the  results  given  below; 

Analyses  of  Trenton  limestone  from  Specht  Ferry  section^  Iowa. 


8 


6 


Silica  (SiOj) I     7.28  |     2.25  i  46.34 

Alumina  and  iron  oxide  (A l/)s  and  i  I 

Fe,A)   I     1-^7  i     1.32  I  19.90 

Lime  (CaO) 

Magnesia  (MgO) , 

Alkalies  by  difference I I ' 

Sulphur  (S) I      .39    |       .01 

Loss  by  ignition  ( II^O,  CO,) |  40. 10  j  42.  80  |  13. 90 


46.93     49.6(5  ,  10.27 
2.58       3.24  I     2.13 


99.  25  I  99.  27  I  92.  55 


8.98 

2.58 

41.32 

5.80 


5.00  I     54.90 


.00 
40.00 


2.07 

50.  22 

.85 

.76 

.85 

40.25 


25.50 
.41 
.30 

9. 55 
.24 

9.10 


98.68  I  100.00  I  100.00 


1.  Be<ls  5  and  6. 

2.  B«d  No.  8. 

3.  Bed  No.  9. 


4.  Bed  No.  10. 

5.  General  sample  of  limestone. 

6.  General  sample  of  clay. 
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While  the  amount  of  magnesia  in  certain  of  these  beds  is  higher 
than  is  desirable,  there  is  still  a  large  amount  of  rock  available  which 
is  not  higher  in  that  element  than  that  elsewhere  used.  It  is  proba})le 
that  careful  search  would  locate  even  better  beds  at  the  same  horizon 
farther  north. 

DEVONIAN  LIMESTONES. 

There  are  in  Iowa  beds  representative  of  both  upper  and  middle 
Devonian.  The  former  includes  the  State  quarry  beds  in  Johnson 
County^  and  the  Sweetland  shale  in  Muscatine  County.*  The  larger 
portion  of  the  Iowa  section  belongs  to  the  middle  Devonian,  which 
may  be  divided  into  three  formations — the  Lime  Creek,  Cedar  Valley, 
and  Wapsipinnicon.  In  various  counties  these  formations  have  been 
subdivided  and  individual  members  have  been  mapped.  The  Lime 
Creek  and  the  Wapsipinnicon  formations  each  include  some  shale  and 
magnesian  rock,  but  in  general  the  Devonian  limestones  in  Iowa  are 
characteristically  free  from  magnesia. 

WAPSIPINNICON  FORMATION. 
DIOTRIBITION. 

This  formation  was  first  discriminated  by  W.  H.  Norton,  who  has 
discussed  it  inconsiderable  detail  and  has  mapped  various  subdivisions 
belonging  to  it  in  Linn,^  Cedar/' and  Scott '  counties.  J.  A.  Udden 
has  discriminated  it  in  Muscatine  County,^  and  Calvin  has  mapped 
certain  members  belonging  to  it  in  Johnson^  and  Buchanan^  counties. 
Details  of  the  development  of  the  formation  may  be  learned  from  the 
reports  cited.  In  the  northern  portion  of  the  State  there  is  an  over- 
lap, so  that  the  Wapsipinnicon  is  not  represented. 

'   COMPOSITION. 

In  general  it  may  ))c  stated  that,  while  the  formation  includes  some 
shale  and  some  very  pure  limestones,  the  magnesia  is  apt  to  be  found 
abundant  in  almost  any  section,  and  careful  sampling  will  be  necessary 
to  determine  the  availability  of  the  rock  at  any  given  point.  The 
Fayette  breccia,  which   forms  one  member  of  the  Wapsipinnicon, 


a  Calvin,  S.,  Geology  of  Johnson  ('oiinty:  Iowa  Gool.  Survey,  vol.  7,  pp.  3»-104. 

h  [Tdden,  J.  A.,  Geology  of  MuKcatine  f'oiinty:  Idem,  vol.  9,  pp.  '247-38S. 

eGw>lojjry  of  Linn  County:  Iowa  Geol.  Survey,  vol.  4.  pj>.  121-195. 

dGeoloKy  o'  Cedar  County:  Idem,  vol.  11,  pp.  279-396. 

*  Geology  of  Scott  County:  Idem,  vol.  9,  pp.  389-520. 

/  Geology  of  Mu.<icatinc  County:  Idem,  vol.  9,  pp.  248-388. 

9  Geology  of  Johnson  County:  Idem.  vol.  7,  pp.  33-llG. 

A  Geology  of  Buchanan  County:  Idem,  vol.  8,  pp.  201-255. 
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includes  near  Rock  Island  a  very  pure  limestone,  as  is  shown  by  the 
following  analysis: 

Analy»is  of  Fayette  breccia,  f* 

Insoluble 0.42 

Iron  (as  carbonate) 36 

Lime  carbonate  (CaCO,) 98. 77 

Loss,  alkalies,  etc 45 

Samples  of  the  Otis  and  Kenwood  beds  from  a  railway  cut  2  miles 
north  of  Cedar  Rapids  showed  so  much  magnesia  as  to  preclude  the 
use  of  the  rock. 

CEDAR  VALLEY  LIMESTONE. 
DISTRIBUTION. 

The  most  important  member  of  the  Devonian  of  Iowa,  as  measured 
either  by  areal  extent  or  thickness,  is  the  Cedar  Valley  limestone.  It 
extends  from  Muscatine  County  on  the  Mississippi  to  the  Minnesota 
line  in  a  broad  belt  trending  northwest.  It  has  an  estimated  maximum 
thickness  of  30()  feet  and  rests  to  the  southeast  on  the  Wapsipinnicon 
formation.  To  the  northeast  it  comes  by  overlap  to  rest  on  the 
Maquoketa  shale.*  To  the  southwest  it  is  in  turn  covered  by  rocks  of 
the  Mississippian  series,  while  on  the  northwest  the  Lime  Creek  shales 
intervene  between  the  latter  and  the  Cedar  Valley. 

(IMPOSITION. 

In  the  southern  portion  of  the  area  of  outcrop  the  Cedar  Valley 
limestone  is  characteristically  a  nonmagnesian  limestone,  which  is  usu- 
ally fine  grained  and  breaks  with  a  sharp  conchoidal  fracture.  This 
phase  of  the  fonnation  is  excellently  exposed  in  Johnson  County,  and 
the  following  analysis  was  made  by  George  Steiger,  in  the  laboratory 
of  the  United  States  (Tcological  Survey,'  from  an  average  sample  rep- 
resenting the  rock  quarried  at  Iowa  City.  These  quarries  exposed  a 
total  thickness  of  about  50  feet. 

Analysis  of  DevonUm  limestone  at  Iowa  City. 

Silica  (SiOa) 3.08 

Alumina  ( AljO;,) ci.  24 

Iron  oxide  ( FejOg) 73 

Lime  (CaO) 50.30 

Magnesia  (MgO) 2. 22 

Sulphur  trioxide  (SO,) 06 

Toward  the  north  the  limestone  becomes  more  magnesian,  until  in 
Howard  Countv  it  is  a  massive  dolomite  which  has  been  mistaken  for 

a  Hall,  Geology  of  lowii,  p.  372. 

ft  Calvin.  S.,  Geology  of  Howard  ('ounty:  Iowa  Geol.  Survey,  vol   13,  pp.  49-62. 

c  With  the  AlaOa  is  included  any  TlOj  or  PoOj  present. 
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the  Niagara.  About  midway  the  rock  has  been  extensivel}'^  quarried, 
at  Independence  and  Waterloo,  where  it  is  a  soft,  easily  crushed  lime- 
stone, apparently  nonmagnesian  in  character.  At  Waverly  the  rock 
is  soft,  thin  bedded,  and  exposed  to  a  total  thickness  of  about  50  feet. 
Analysis  of  two  separate  beds,  by  Lundteigen,  gave  the  following 
results: 

Ancdyseti  of  Devonian  limeMone  at  Waverly, 


Pilica(8iOa) , 

Alumina  ( AljOj) 

Iron  oxide  (Fe,Oa) 

Lime  (CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SOj) 
Ix)BB  on  ignition 


1 

t 

46.34 

}  19.90 

10.27 

2.00 

.01 

13.90 

*        2.25 

1.32 

49.66 

3.24 

.00 

42.80 

92. 42 

99.27 

Still  farther  north,  in  Mitchell  County,  the  limestone  has  attracted 
attention  because  certain  beds  are  lithographic."  The  following  anal- 
ysis, made  by  Mr.  A.  B.  Hoen,  suggests  that  at  least  some  of  the  stone 
is  sufficiently  free  from  magnesia  to  be  suitable  for  cement  material. 

Analysiji  of  Dei'onian  iimfMmie,  MUchell  County. 

Silica  (SiO^) 0.78 

Alumina  (AljO,) - 12 

Lime  (CaO) 54.91 

Magnesia  (MgO) * 07 

Soda  ( Na,0) 18 

Potash  (K,()) 11 

Carbon  dioxide  (CO,) 43. 16 

Water  (H/))  35 

There  are  a  number  of  fine  exposures  showing  a  thickness  of  10  to 
15  feet  of  the  nonmagnesian  beds.  Not  all  of  this  rock  is  free  from 
cracks  and  crystjils,  but  it  is  all  similar  in  com[K)sition  to  the  sample 
anal3'zed.  At  the  (Jable  and  other  quarries  there  is  practically  no 
stripping,  while  in  the  vicinity  is  an  abundance  of  loess  clay. 

LLWE  CHEEK  SHALES. 
DiaTRIBimON. 

The  uppermost  member  of  the  Devonian  section  of  Iowa  is  well  dis- 
played in  Cerro  Gordo  County,  and  has  been  discussed  and  mapped  in 

a  Iowa  Geol.  Survey,  vol.,  13,  pp.  2^2-352. 
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Calvin's  report  on  that  area.**    He  gives  the  following  general  section 
of  the  formations: 

General  section  of  the  Lime  Creek  sJiales. 

Feet 

1.  Calcareous  beds,  light  gray  in  color - 20 

2.  Magnesian  shale^^  and  argillaceous  dolomites 30 

?M.  Limestone  with  slender  Idiostroma 4 

4.  Fosniliferous  calcareous  shales 20 

5.  Yellow  nonfossiliferous  shales 10 

6.  Blue  nonfossiliferous  shales 40 

Nos.  4,  5,  and  6  of  this  section  make  up  the  Hackberry  member  of 
the  formation,  while  the  remaining  beds  represent  the  Owen  beds. 

COMPOSITION. 

The  shales  constituting  the  lower  portion  of  the  foregoing  section 
are  used  at  Mason  City  for  the  manufacture  of  clay  goods  and  are  rep- 
resented in  the  following  analysis  made  by  G.  E.  Patrick. 

Analysis  of  Lime  Creek  clay  at  Mason  City, 

Silica  (SiOj) 54.64 

Alumina  (AljOs) 14.62 

Iron  oxide  (calculated  as  FejOa) 5. 69 

Maganese  oxide  (calculated  as  MnO) 76 

Lime(CaO) : 5.16 

Magnesia  (MgO) 2.90 

Rotia(Na,0) 1.12 

Potash  (K,0) 4.77 

Carlwn  dioxide  (CO,) 4.80 

Hygroscopic  water  (expelled  at  100°  C. ) 85 

Combined  water  (expelled  by  ignition) 3. 74 

Total 99.05 

This  analysis  represents  only  the  noncalcareous  portion.  The  beds 
above  contain  considerable  lime,  as  noted  in  the  section  given.  In  the 
vicinity  of  Mason  City,  where  these  beds  outcrop,  there  are  extensive 
exposures  of  the  nonmagnesian  beds  of  the  underlying  Cedar  Valley, 
and  it  should  be  possil)le  to  combine  the  two  to  advantage. 

CARBONIFEROUS  LIMESTONES. 

Carlx)niferous  rocks  underlie  a  large  portion  of  Iowa.  They  include 
limestones,  sandstones,  shales,  and  coals.  The  limestones  are  very 
rarely  magnesian,  and  because  of  this  fact,  as  well  as  their  excellent 
situation  with  reference  to  fuel  and  transportation  facilities,  it  seems 
not  improbable  that  time  will  see  the  development  of  a  considerable 
cement  industry  based  upon  them. 

aGeologj'  of  Cerro  Gordo  County:  Iowa  Geol.  Survey,  vol.  7,  pp.  U7-192. 
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Of  the  three  series  into  which  the  Carboniferous  has  been  divided, 
two — the  Mississippian  and  the  Pennsylvanian — are  represented  in 
this  State.  The  Mississippian  may  be  divided  into  the  Kinderhook, 
Osage,  and  St.  Louis,  eacli  containing  important  limestone  beds.  The 
Pennsylvanian  includes  the  Des  Moines  formation  (lower  Coal  Meas- 
ures) and  the  Missourian  (upper  Coal  Measures).  The  lower  Coal 
Measures  includes  most  of  the  coal  l)eds  worked  in  the  State,  but  very 
little  limestone.  The  formation  outcrops  in  a  broad  bolt  between  the 
limestones  of  the  Mississippian  series  to  the  east  and  the  calcareous 
shales  and  thin  limestones  of  the  Missourian  formation. 

The  general  distribution  of  the  Mississippian,  Des  Moines,  and 
Missourian  beds  is  shown  on  the  accompanying  general  map.  The 
details  as  to  chai*acter,  thickness,  etc..  in  any  area  may  he  learned  in 
the  appropriate  county  reports.^ 

KINDERHOOK  LIMESTONE. 
DISTRIBUTION. 

The  Kinderhook  forms  the  lowennost  division  of  the  Carl)oniferous 
of  this  State.  It  consists  for  the  most  part  of  a  soft  argillaceous  shale, 
which  is  exposed  to  a  thickness  of  60  feet  at  Burlington.*  Above  the 
shale  are  about  50  feet  of  sandstone  and  limestone  belonging  also  to 
the  Kinderhook.  In  general,  the  beds  are  not  well  exposed,  and  in 
the  southern  area  of  outcrop  are  not  likely  to  be  of  importance  in 
cement  manufac:ture,  except  as  a  source  of  clay  to  be  mixed  with  the 
overlying  Burlington  limestones.  Farther  north,  in  Marshall  County, 
there  is  an  extensive  development  of  limestone.  The  rock  is  quarried 
at  Le  Grande. 

CX)MPOeiTION. 

The  following  analyses,  by  G.  E.  Patrick,  indicate  that  a  consider- 
able portion  of  the  Kinderhook  limCvStone  is  suitable  for  cement 
manufacture. 


a  Reports  upon  countiefl  in  which  the  Carhoniferoun  rocks  are  important  will  be  found  in  the  vol- 
umes of  the  Iowa  geological  survey,  as  follows: 

Appanoose,  6,  361-438.  Mahaska,  4,  313-380. 

Boone,  5,  175-240.  Marion,  11, 127-198. 

DallflA.  8, 51-118.  Marahall,  7,  197-262. 

Decatur,  8,  255-338.  Mills  and  Fremont,  13, 123-183. 

DCS  Moinen,  3,  40»>492.  Monroe,  13,  353-133. 

Fremont  and  Mills,  13, 123-183.  Montgomerj-,  4,  .381-462. 

Guthrie,  7,  41S-488.  Page,  11,  397^60. 

Hardin,  10,  241-314.  Polk,  7,  26a-412. 

Henry,  12,  287-302.  Pottawattam le,  11,1 99-278. 

Himiboldt,  9. 109-154.  Story.  9,  155-240. 

JefTeraon,  12,  366-438.  Van  Buren,  4, 197-254. 

Keokuk,  4.  256-312.  Wapello.  12.  439-499. 

Lee,  3,  306-408.  Warren,  5,  301-3f.0. 

Louisa,  11,  55-126.  Washington.  5,  113-174. 

Madiaon,  7,  489-640.  Web«ter.  12,  G2-191. 

bWeller,  Stuart,  Iowa  Geol.  Survey,  vol.  10,  p.  65. 
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Analym  of  Kinderhook  limestone  from  Le  Grande^  Iowa, 


Silica  (SiOg)  and  insoluble 

Alumina  ( Al,Os) 

Iron  oxide  (Fe^Oj) 

Iron  (FeO) 

Manganese  oxide  (calculated  as  MnO) . 

Lime  (CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO,) 

Hygroscopic  water  ( loss  at  100°  C. ) 

Combined  water  (expelled  by  ignition) 
Phosphoric  acid 


2 


0.  77         0. 96 


.05 


.07 


.09          .27 
08 

55.  a5       54. 85 

.28  .28 

43.62  I    43.30 


.03 
.13 


.09 
.21 


100.02     100.11 


8 


1.24 
.18 
.15 
.09 


50. 56 

3.70 

43.79 

.06 

.15 

Trace. 


99.92 


1.22 

.14 

.26 

.09 

Trace. 

50.42 

3.96 

43.85 

.04 

.12 


100.10 


PROBABLE  COMBINATIONS. 


).95 


Sdica  and  silicates i^ 

II    0. 
Iron,  alumina^  oxides,  etc! \] 

(Calcium  carbonate  (CaCO^) ,    98. 30 

Magnesium  carbonate  ( MgCOj) I        .59 

Water  (11,0) 16 


100.00 


1.37 

L74 

97.95 

90.28 

.38 

7.77 

.30 

.21 

100.00 

100.00 

1.72 

90.04 

8.08 

.16 

100.00 


1.  Flne-Rmined  oolite. 

2.  Blue  limestone. 


3.  Iowa  Caenstone. 

4.  Stratified  limestone. 


Associated  with  these  beds  are  certain  others  which  are  more  mag- 
nosian,  but  which  happen  to  be  in  demand  as  building  stone.  Possibly 
a  combination  of  industries  could  be  based  on  this  ansociation.  In 
Ilardin  County  there  is  a  considerable  thickness  of  the  rocks  with 
some  associated  shale.  Still  farther  to  the  north  and  west  the  Kinder- 
liook  outcrops,  but  without  exposing  any  great  thickness.  While 
much  of  the  Kinderhook  limestone  is  magnesian,  it  is  believed  that  in 
localities  where  other  conditions  are  favoiuble,  the  formation  warrants 
prospecting  and  testing. 

OF  AGE  FORMATION. 
DISTRIBUTION. 

The  Osage  includes  beds  which  have  been  widely  known  as  the 
Keokuk  and  Burlington  limestones.  The  formation  consists  for  the 
most  part  of  coarse  crinoidal  limestone,  white,  nonmagnesian,  and 
with  chert  in  nodules  along  bedding  planes.     The  limestone,  in  the 


ECKBL.]  IOWA.  157 

upper  portion  especially,  is  associated  with  abundant  argillaceous 
shale,  and  often  outcrops  in  steep  bluffs,  at  the  foot  of  which  the  shales 
Qf  the  Kinderhook  are  available.  The  beds  are  best  exposed  in  Lee 
and  Des  Moines  counties,  but  occupy  portions  of  Louisa,  Washington, 
Henry,  and  other  counties  in  the  southeast  part  of  the  State. 

At  Burlington,  in  the  south  bank  of  Cascade  Hollow,  the  following 
section  was  measured  by  Mr.  T.  E.  Savage. 

Cagcade  Uollow  section. 

Feet. 

1.  Fine-grained,  homogeneous  soil  material    without    pebbles,  dark-colored 

above,  grading  down  to  yellow  below 4 

2.  Clay  with  pebbles  and  small  bowlders  of  granite  and  greenstone,  reddish 

brown 6 

3.  Limestone,  much  decayed,  in  layers  one  1  to  4  inches  thick,  numerous 

chert  nodules 5 

4.  Chert § 

5.  Limestone,  crinoidal,  coarse-grained,  layers  4  to  8  inches  thick 4 

6.  Limestone,  crinoidal,  with  chert  nodules 1 

7.  Limestone,  coarse,  crinoidal;  at  places  massive,  at  others  weathering  into 

layers  3  inches  to  1  foot  thick,  containing  numerous  fossils 10 

COMPOSITION. 

An  average, sample  of  this  limestone  was  analyzed  by  George 
Steiger  in  the  laboratory  of  the  United  States  Geological  Survey  with 
the  following  results: 

AnalygtK  of  Burlington  limestone. 

8ilica  (SiO,) 5.18 

Alumina  (Al,(),)«  1  „- 

Iron  oxide  ( Fe,Os)/ 

Lime  (CaO) , 52.16 

Magnesia  (MgO) 40 

Sulphur  trioxide  (SOj) 00 

The  beds  outcropping  at  thl«  point  are  thoroughly  representative 
of  the  limestone  of  this  formation.  Greater  thicknesses  are  exposed 
at  other  points,  and  the  total  thickness  has  been  estimated  to  be  about 
250  feet. 

ST.  LOUIS  LIMESTONE.     - 
DISTRIBUTION. 

The  St.  Louis  is  one  of  the  most  widely  distributed  formations  in 
Iowa.  It  rests  on  the  Osage  and  lies  unconformably  below  the  Des 
Moines  formation.  On  account  of  its  relation  to  the  coal  beds  it  has 
been  carefully  mapped  and  extensively  studied.  It  includes  three 
minor  divisions,  the  Pella,  the  Verdi,  and  the  Springvale  beds.  The 
Verdi  and  Springvale  beds  have  limited  areas  of   outcrop  and  are 

a  This  figure  includes  any  Ti02  or  P3O5  present. 
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usually  not  suitable  in  composition  for  cement  manufacture.  The 
Pella  beds  are  more  important.  They  outcrop  widely  and  are,  in 
composition,  excellently  adapted  to  cement  manufac*:ure.  They  fringe 
the  productive  C!oal  Measures  on  the  east  and  occur  as  scattered 
inliers  within  the  general  area  of  outcrop  of  the  coal  beds.  This 
results  from  the  pronounced  unconformity  between  the  Des  Moines 
and  the  St.  Louis,  hills  of  the  limestone  rising  like  islands  above  the 
lowest  coal  beds. 

The  Pella  beds  usually  show  an  upper  portion  consisting  of  calcare- 
ous marl  with  some  thin  beds  of  limestone.  This  facies  is  ordinarilv 
8  to  10  feet  thick.  Below  it  are  beds  of  fine-grained  blue  to  gray 
limestone,  breaking  with  clean  conchoidal  fracture,  and  usually  thin- 
bedded.  The  rock  is  very  rarely  magnesian,  and  the  analysis  quoted 
below  is  quite  representative.  The  sample  was  taken  from  the  Chil- 
ton quarry  at  Ottumwa  by  Mr.  T.  E.  Savage.  The  beds  exposed  at 
this  quarry  are  noted  in  the  following  section: 

Chilton  quarry  section. 

Feet. 

1.  Fine-grained,  dark-colored,  pebbleless  soil 1 

2.  Clay,  reddish  brown,  with  pebbles 3 

3.  Sandstone,  brown,  iron-stained,  mostly  incoherent,  but  in  places  indurated 

( Des  Moines ) s 10 

4.  Calcareous  shale,  weathering  into  small  bits,  very  fossiliferous 3 

5.  Limestone,  dense,  fine-grained,  gray 2J 

6.  Limestone,  shaly,  soft,  weathering  readily,  similar  to  No.  4 2 

7.  Limestone,  dense,  fine-grained,  gray 1} 

8.  Shale,  calcareous 3 

9.  Limestone,  hard,  fine-grained,  gray,  fossiliferous .• li 

10.  Limestone,  dense,  bluish 1 

11.  Limestone,  dense,  finer-grained,  bluish  gray,  in  part  massive,  in  part  thin- 

bedded,  fossiliferous , 4 

12.  Limestone,  hard,  gray 1 J 

13.  Limestone,  dense,  gray IJ 

COMPOSITION. 

An  average  sample  of  the  limestone  here  was  analyzed  in  the  labo- 
ratory of  the  United  States  Geological  Survey  by  George  Steiger 
with  the  following  results: 

Analyses  of  St.  Louis  limestone  at  Ottumtva. 

Silica  (SiOa) .* 6.83 

Alumina  (AI2O3) «2.12 

Iron  oxide  (FcaOa) 54 

Lime  (CaO) 49.54 

Magnesia  (MgO) 07 

Sulphur  trioxide  (8O3) 13 

a  This  figure  includes  any  Ti02  or  P2O4  present. 
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Samples  of  limestone  from  Pella,  Tracey,  Oskaloosa,  and  Humboldt 
have  also  been  analyzed,  with  the  following  results: 

Anrdym  of  lonva  limestones. 


}. 


39 


Silica  (SiO^) 4.92 

Insoluble '. 

Aluiiiina  ( Al^Oj) 

Iron  oxide  (Fe,Oj) 

Lime  (CaO) |    47.50 

Lime  carbonate  (CaCOj) i 

Magnesia  (MgO) .00 

Sulphur  trioxide  (SO3) j      2.09 

Carbon  dioxide  (CO,) 

Water  (H,0) 


}  38. 


10 


{ 


1.57 
.49 
.17 


3 


4.01 
.13 
.46 


94. 60       95. 30 


3.17 


.00 


0.91 
.48 
.73 


97.98 


1.  Limestone,  Pella.    Lundtelgcn,  analyst. 

2.  Limestone,  Tracy.    Murray,  analyst. 

8.  Limestone,  Oskaloowi.    Murray,  analvst 
4.  Limestone,  Utmiboldt.    Murray,  analyst. 

Analyses  of  limestone  and  intcrbcdded  shale  from  the  mouth  of 
Lizard  Creek  in  Webster  County  were  made  by  Mr.  Lund teigen,  with 
the  following  results: 

Analysis  of  limestones  and  ahule. 

,    CaCO,,.    !    CaS04. 


1.  Upper,  limestone,  2  feet 88.  75 

2.  Middle,  shale,  2feet...... '    53.25 

3.  Bottom,  limestone,  2}  feet 


88.75 


0.28 

2.46 

.17 


A  cement  made  from  this  material  gave  the  following  analysis,  and 
on  test  showed  satisfactory  color,  strength,  and  setting  properties. 

Analysis  of  Fort  Dodge  cement. 

Silica  (SiO,) 25.52 

Alumina  and  iron  oxide  ( AljO,  and  FejOs) 8. 80 

lime  (CaO) 63.48 

Magnesia  (MgO) 1 .  19 

The  material  from  the  Pella  exposures  has  been  made  up  into  a 
cement  which  has  good  color,  is  sound  on  glass,  sets  very  quickly, 
and  has  satisfactory  strength.  The  results  of  these  tests,  together  with 
the  fact  that  limestone  of  the  same  age  and  character  is  being  exten- 
sively used  at  St.  Louis,  Mo.,  makes  it  certain  that  this  formation 
can  be  relied  upon  to  furnish  the  calcareous  element  wherever  other 
conditions  are  favorable  to  the  establishment  of  cement  plants. 
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DES  MOINES  FORMATION. 


DISTRIBUTION. 


The  Des  Moines  (lower  Coal  Measures)  contains  very  little  lime- 
stone. Its  principal  importance  in  the  present  connection  arises  from 
the  coal  and  clay  which  make  up  so  large  a  portion  of  the  formation. 
The  clays  and  shales  are  extensively  used  in  the  brick-making  indus- 
try. They  are  available  over  wide  areas,  and  ma}'  prove  of  service 
in  connection  with  limestones  of  the  formations  above  and  below. 

COMP08n:iON. 

The  following  analyses  are  typical  of  these  clays: 


Anctlyse^  of  Coal  Meamires  shales  and  clays. 


Silica  (SiO,) 

Alumina  ( AljOj) 

Iron  oxide  (Fej,Os) 

Lime(CaO) 

Magnesia  (MgO) 

Soda  (Na,()) 

PoUfih  (K^O) 

Sulphur  trioxide  (SO,)  . 
('aH)on  dioxide  (C(\)  .. 
Water  (H,0),  combined 
Water  (H,0),  free 


Undetermined  and  ignitiouB. 


53. 08 
17.71 
8.64 
4.05 
.94 
3.70 
1.25 


2.53 
6.77 


1.33 


} 


64.41 
20.43 

5.88 
.34 

1.71 

1.90 


3.93 
1.27 


{ 


1.  Brick  clay,  Fort  Dodge. 

2.  Brick  clay,  Dcs  Moines.    C.  O.  Baten,  analyRt. 

3.  Brick  clay,  Ottumwa.    J.  B.  Wecma,  analyst. 


AI'I'ANOOHE    BEDS. 


3 


53.86 

26.28 

4.32 

.12 

.43 

.43 

2.52 

1.22 


3.02 


8.06 


Near  the  middle  of  the  Des  Moines  formation  are  strata  which  have 
been  called  the  Appanoose  beds.  These  have  been  mapped  and  dis- 
cussed in  connection  with  the  report  on  Appanoose  County,  and  their 
outcropping  edge  is  shown  on  the  accompanying  map  (PI.  V).  They 
include  the  Mystic  or  Centerville  coal  and  certain  associated  shales  and 
limestones.  The  latter  are  known  locally,  from  their  relations  to  the 
coal,  as  the  "Bottom  rock,"  "Cap  rock,"  "Thirteen-foot  limestone," 
and  "  Fifty-foot  limestone."  The  limestone  bed  is  thin,  usually  from  4 
to  6  feet  in  thickness,  but  near  Rathbun  andClarkdale  it  reaches  a  thick- 
ness of  10  to  15  feet.     It  is  a  soft  limestone,  easily  crushed,  and  because 
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of  its  close  association  with  clay  and  a  very  good  coal  bed  is  probably 
of  value.  Analyses  show  that  it  is  practically  free  from  magnesia  and 
runs  from  74  to  93  per  cent  in  calcium  carbonate.  The  following 
analysis,  by  Lundteigen,  is  representative. 

Analym  of  Fifty-foot  rocky  Raihbun. 

Silica  (SiOj) 9.90 

Alumina  (A  1,0,) \  ^  ^ 

Iron  oxide  ( Fe^Os) / 

Magnesia  ( MgO ) Trace. 

Lime  carbonate  (CaCOs) 83.37 

MliiHOCRJAN  FORMATION. 
DISTRIBUTION. 

The  southwestern  portion  of  Iowa  is  underlain  by  the  rocks  of  the 
Missourian  formation  or  upper  Coal  Measures.  In  contrast  with  the 
lower  Coal  Measures  or  Dos  Moines  formation,  the  Mis.sourian  includes 
considerably  less  sandstone  and  very  little  coal.  The  beds  are  mainly 
shales  and  limestones.  The  latter  are  almost  entirely  free  from  mag- 
nesia, are  occasionally  somewhat  earthy,  are  usually  free  from  chert, 
and  are  easily  ground.  They  are  accordingly  well  adapted  to  cement 
manufacture,  and,  indeed,  the  equivalent  l>eds  are  now  in  use  at  lola. 
Kans.  The  individual  members  of  the  Missourian  formation  have  riot 
l>een  mapped  in  Iowa,  though  they  are  discussed  in  the  county  reports. 
The  n)ost  important  limestone  lies  at  the  base  of  the  formation,  and 
its  outcrop  is  accordingly  indicated  on  the  accompanying  map  by  the 
eastern  edge  of  the  formation.  This  limestone,  which  is  variously 
known. as  the  Winterset,  Karlham,  and  Bethany,  is  discussed  in  some 
detail  in  the  Madison  County  report. 

The  Bethany  limestone  in  Madison  County  includes  four  separate 
ledges  occurring  in  the  following  order  and  thickness:  Fusulina,  25 
feet;  Winterset,  20  feet;  Earlham,  21  feet;  Fragmental,  10  feet. 
These  ledges  are  separated  by  shale  beds,  usually  10  to  20  feet  in  thick- 
ness and  in  part  calcareous.  The  rocks  are  quarried  at  various  points, 
particularly  Earlham,  Winterset,  and  Peru,  and  the  same  ledges  have 
been  recognized  as  far  south  as  Decatur  County,  on  the  Missouri 
boundary. 

COMPOSITION. 

Analyses  of  individual  ledges  at  Peru,  made  by  Lundteigen,  show 
a  lime  content  ranging  from  OO.oO  to  83  per  cent.  A  cement  mixture 
made  from  them  gave  75.50  percent  CaCO,.  At  Earlham  the  follow- 
ing section  was  measured  hy  Mr.  T.  E.  Savage,  and  an  analysis  of  an 
average  mixed  sample  of  the  stone  was  made  in  the  laboratory  of  the 

Bull.  243-05 11 
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United  States  Geological  Survey  by  George  Steiger.     The  results  are 
given  below: 

Section  of  Robertson  quarry^  Earlham. 


Num- 
ber, 


1 
2 
3 


5 


6 

8 

9 
10 
11 
12 

13 
14 
15 
16 

17 

18 
19 


Dark-colored,  fine-grained,  pebbleless  soil 

Reddish  bowlder  clay  with  pebbles  and  quartzite  fragmentB... 

Yellowish-colored,  soft,  shaly  limestone,  which  disintegrates 
readily 

Layer  of  very  hard,  light-gray,  fine-grained  limestone 

Narrow  layer  of  softer  limestone  with  less  perfectly  comminuted 
fossil  fragments 

Ledge  of  hard,  white  limestone,  fine-grained,  separating  in  places 
into  three  or  four  uneven  layers.. 

Soft,  cak^areous  shale  which  weathers  rapidly  into  fine  bits 

Dense  gray,  fine-grained  limestone;  fossil  fragments  abundant 
but  indistinct 


Gray  shale  like  No.  9 

Layer  of  hard  gray  limestone 
Band  of  soft  shale 


Dense,  fine-grained,  light-gray  limestone,  in  places  massive, 
again  separating  into  two  layers  of  about  equal  thickness 


Shale,  soft,  gray  in  color,  and  quite  calcareous 

Layer  of  impure  limestone,  grayish  yellow  in  color 

Band  of  soft,  gray,  calcareous  shale 

Ledge  of  hard*,  fine-grained,  light-colored  limestone,  imperfectly 
separated  into  three  uneven  layers 


Massive  layer,  separating  in  places  into  two  uneven  layers  with 
shaly  partings  t)etween  them  and  such  partings  of  shale  sepa- 
rating No.  3  from  No.  4  above  and  No.  2  l^elow 

Ledge  of  gray  limestone . . 

Layer  of  gray  limestone 


Feet.    Inches. 


1 
1 


1 
1 
1 


6 


8 
6 

2i 

7 


4 
3 

8 


Ancdysis  of  Earlham  limestone. 

Silica  (SiOj) 10.92 

Alumina  (AlA) <'l-77 

Iron  oxide  (FesOj) 60 

Lime  (CaO) 47.66 

Magnesia  (MgO) 75 

Sulphur  trioxide  (SO.,) None. 

The  beds  above  the  Bethany  have  not  been  as  carefully  studied, 
though  they  are  apparently  similar  in  composition  and  character.  The 
next  higher  limestones,  the  Dekalb,  yielded  the  following  on  partial 
analysis  by  J.  B.  Weems: 


a  This  includes  any  PjOs  or  TiOg  present. 
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Analysis  of  Dekalb  limestone. 

Lime  (arlwnate  (CaCO,) 91.96 

Magnesium  t^rbonate  (MgCO,) 1. 99 

Water  (H,0) 07 

ECONOMIC  COHDinOKS. 
AVAILABLE   MATERIALS. 

It  is  believed  that  the  data  presented  bear  out  the  assertion  that 
there  are  many  points  in  Iowa  at  which  materials  suitable  for  manu- 
facture are  available.  The  marls  are  not  now  known  to  be  important 
and  may  never  prove  to  be.  Chalk  suitable  in  all  particulars  may  be 
found  along  Sioux  River  north  of  Sioux  City.  As  this  is  a  soft,  easy- 
grinding  material,  it  is  a  favorite  among  cement  manufacturers.  The 
question  of  the  advisability  of  establishing  a  plant  in  this  district  must 
be  determined  by  consideration  of  manufacturing  costs,  of  market, 
and  transportation  facilities. 

In  regard  to  the  limestones  the  following  general  considerations  are 
important.  Iowa  is  largely  a  drift-covered  State,  and  within  the  broad 
areas  shown  upon  the  map  as  underlain  by  the  various  limestones  there 
are  really  only  a  limited  number  of  outcrops.  Even  where  outcrops 
occur  the  overburden  is  in  many  cases  so  thick  as  to  entail  prohibitive 
stripping  costs.  The  best  situations  are  in  the  valleys,  usually  where 
some  important  tributary  joins  the  main  stream.  Fortunately  many 
of  the  railway  lines  follow  valley  routes. 

The  Trenton  limestone,  which  occurs  in  the  driftless  area,  is  found 
usually  in  i^ather  steep  bluffs,  a  fact  due  to  the  resistant  character  of 
the  dolomite  usually  found  above  it.  As  compared  with  the  other 
limestones  of  the  region,  the  Trenton  is  most  likely  to  carry  magnesia 
in  excess;  but  it  is,  on  the  other  hand,  practically  free  from  chert,  is 
often  somewhat  earthy  in  composition,  and  is  intimatel}^  associated  with 
shale.  As  already  noted,  the  similar  and  approximately  equivalent 
beds  in  the  Lehigh  district  of  Pennsylvania  and  New  Jersey  are  a  very 
important  source  of  cement  material. 

The  Devonian  limestones  are  in  large  measure  free  from  l>oth  chert 
and  magnesia,  though  outcrops  in  the  northern  part  of  the  State  need 
careful  examination  to  make  sure  of  the  absence  of  the  latter.  As 
contrasted  with  both  the  Trenton  and  the  Carboniferous  limestones 
the}'  are  in  the  main  harder,  and  this  will  to  some  extent  influence  the 
cost  of  grinding. 

Of  the  Carboniferous  limestones  the  Kinderhook  is  in  most  situa- 
tions too  magnesian  and  the  Osage  too  full  of  chert  for  easy  use, 
though  it  is  probable  that  some  suitable  material  can  be  found  in  each 
formation.  The  Pella  beds  of  the  St.  Louis  and  the  Winterset  and 
other  limestones  of  the  Missourian  are  entirely  suitable  as  regards 
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composition,  freedom  from  chert,  and  grinding  qualities.  Equivalent 
beds  are  now  in  use  in  Missouri' and  Kansas.  These  limestones  are, 
furthermore,  excellently  situated  as  regards  fuel  and  clay.  The  Pro- 
ductive Coal  Measures,  Des  Moines  formation,  outcrop  in  a  broad 
belt  between  the  two,  and  often  the  Pella  beds  and  shales  of  the  Des 
Moines  occur  in  the  same  section.  Where  the  shales  are  absent,  loess, 
such  as  is  elsewhere  used,  is  nearly  everywhere  present. 

FUEL. 

The  area  of  the  Productive  Coal  Measures,  Des  Moines  formation, 
is  shown  on  the  accompanying  map.  It  will  be  seen  that  the  coal 
mines  are  so  situated  as  to  afford  cheap  fuel  to  most  of  the  limestone 
localities.  This  is  important,  since  the  fuel  cost  forms  approximately 
30  per  cent  of  the  total  cost  of  manufacture.  Iowa  coal,  while  not  of 
the  highest  grade,  is  still  well  adapted  to  cement  manufacture.  The 
following  analyses  indicate  the  approximate  composition  of  a  few  of 
the  beds.  These  analyses  and  tests  were  made  at  the  Iowa  State 
College  of  Agriculture,  and  are  published  in  the  report  on  Monroe 
Countv.^ 

Analyses  of  Town  (xkiIs. 


Volatile  combustible 
Fixed  combUAtible. . 
Total  combustible  . . 

Ash 

Sulphur 

B.T.U 


1 

8 

8 

42.32 

37.79 

37.98 

46.31 

54.85 

47.98 

89.13 

92.f>4 

85.96 

10.13 

7.36 

14.04 

4.10 

8.29 

5.90 

11,922 

12,681 

12,431 

4 

5 

6 

45.62 

46.06 

36.94 

50.29 

46.89 

&1.20 

95.91 

92.95 

91.14 

4.09 

7.  as 

8.86 

2.74 

2.81 

2.86 

12,011 

IS.tt'iO 

12,245 

7 

8 

35.11 

18.23 

51.91 

76.08 

87.02 

93.31 

12.77 

6.69 

3.02 

.60 

1.  Averaifo  five  Monroe  County  coals. 

2.  Centervillc  BIo(;k  Coal  Company,  Appanoo.sc  County. 
8,  Corey  Coal  Company,  Webster  County. 

4.  Dc8  Moines  C.  &  M.  Company,  Polk  County. 

6.  Whitebreast  Fuel  Company,  Pekay.  Maha-ska  County. 

6.  Carbon  Coal  ('orapany,  Willard,  Wapello  County. 

7.  Averagro  22  IllinoiH  ooiils. 

8.  Pocahontas  coal,  Virginia, 

In  the  above  tables  the  Pocahontas  coal  is  quoted  for  comparison, 
and  the  Illinois  coals  are  noted,  since,  in  event  of  the  Trenton  lime- 
stone being  used,  coal  would  probably  be  drawn  from  Illinois  rather 
than  Iowa.  Many  additional  analyses  will  be  found  in  the  special 
report  on  the  coal  deposits  forming  Volume  II  of  the  reports  of  the 
Iowa  Geological  Survey,  and  some  additional  data  in  the  Twenty- 
second  Annual  Report  of  the  United  Stiites  Geological  Survey.* 


alowa  Gcol.  Survey,  vol.  13,  p.  414. 

frThe  Western  Interior  coal  field:  Twenty-second  Ann.  Kept.  U.  S.  Qeol.  Survey,  pt.  3,  pp. 333-366. 
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TRAN  SPORTATION . 

The  relations  to  transportation  lines  are  perhaps  sufficient!}'  indi- 
cated by  the  map  (PI.  V).  It  may  be  noticed  that  there  are  several 
promising  localities  along  the  Mississippi  where  that  river  could  be 
utilized  directly  and  would,  in  addition,  act  as  a  regulator  to  railway 
lines.  The  main  railway  lines  of  Iowa  run  either  east-west  or  south- 
east-northwest, and  much  of  the  freight  originating  in  the  State, 
aside  from  agricultural  products,  moves  to  the  north  and  west. 

MarJceU. — Any  ceaient  plant  which  may  be  established  would  find  a 
ready  market  in  the  same  direction.  Iowa  itself  affords  a  very  con- 
siderable market  for  cement,  and  an  Iowa  cement  plant  would  have 
considerable  advantage  in  reaching  an  important  and  growing  market 
to  the  north  and  west. 

PORTIiAXD-CEMENT  RESOURCES  OF  KANSAS.^ 

PORTLAND-CEMENT  MATERIALS. 

Limestones  of  economic  importance  occur  in  Kansas  in  four  different 
geologic  groups,  as  follows:  (1)  Mississippian,  (2)  Coal  Measures, 
(3)  Permian,  (4)  Cretaceous. 

Of  these,  the  Coal  Measures  limestones  are  at  present  of  most  impor- 
tance, and  are  the  only  one^  now  in  use  as  Portland-cement  materials. 
The  Cretaceous  chalky  limestones  would  be  v^aluable  cement  materials 
if  fuel  supply  and  markets  were  nearer.  The  limestones  of  the  Per- 
mian are  of  little  present  or  prospective  importance;  but  those  of 
the  Mississippian  are  most  promising. 

MISSISSIPPIAN    ("lower  CAKBONIFERGUS")    LIMESTONES. 

The  Mississippian  rocks  of  Kansas  occur  onl}'^  in  one  small  area  in 
the  extreme  southeastern  corner  of  the  State,  about  30  square  miles 
in  Cherokee  Count\'  being  cov^ered  by  rocks  of  this  age.  The  series 
is  made  up  of  limestones,  with  interbedded  cherts,  and  a  few  beds  of 
shale.     The  limestones  are  usually  heavily  bedded  and  low  in  magnesia. 

The  limestone  quarries  in  the  Lower  Carboniferous  are  described 
by  Ha  worth  as  follows:* 

In  the  southeastern  part  of  the  State  a  small  amount  of  quarrying  is  done  in 
the  sub-Carboniferous  limestone  at  and  near  Galena.  This  limestone  is  a  highly 
crystalline  one,  very  compact  in  character,  light  blue  in  color,  and  occurs  in  heavy 
layers,  so  that  large  dimension  stone  could  be  obtained  from  it  were  the  quarries 
operated  for  that  purpose.  It  is  the  same  rock  in  every  respect,  both  as  to  geologic 
age  an<l  general  character,  that  is  so  extensively  quarrieti  at  Carthage  and  other 

aThe  data  relative  to  the  distribution  and  romposition  of  KansiiM  limeHtones  is  quoted,  in  large 
part,  from  descriptions  ^ven  In  the  "Mineral  Resources  of  KanwLs  for  181)7,"  a  publication  iwiued  by 
the  Kansas  State  GcHjlofirical  Sun'ey. 

b  Mineral  Resources  of  Kansas,  1897,  pp.  73-74. 
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points  in  Missouri.  From  the  Carthage  quarries  many  thousands  of  dollars'  worth 
of  stone  are  shipped  into  Kansas,  all  of  which  nii^ht  l)e  supplied  from  the  Kansas 
stone  if  quarries  were  worked  a«  extensively  as  might  be  done.  The  quarries  at 
Galena  are  operated  to  supply  local  demand,  and  that  only  for  foundation  material 
in  buildings,  although  conniderable  dimension  stone  is  shipped  from  Carthage  into 
Galena  for  the  larger  buildings. 

Years  ago  this  same  stone  was  quarried  at  Galena,  at  Lowell,  and  elsewhere  for  the 
produ(!tion  of  lime.  It  is  so  abundant  in  quantity  and  so  easily  accessible  along  the 
hillsides  that  it  is  a  great  wonder  more  limekilns  are  not  in  operation.  The  same 
rock  is  quarried  at  different  places  in  Missouri  and  burnt  into  lime,  producing  lime 
of  a  good  quality,  but  no  better  than  might  be  obtained  from  Kansas  quarries. 

Aimlyses  of  Missiasippinn  limesionesf  from  Kansas. 


I        1 

I 


Silica  (SiO,) 0.32 

Alumina  { AljOj) 17 

Iron  oxide  (Fe^Oj) .20 

Lime  carbonate  ( CaCOs ) ,    98. 66 

Magnesium  carbonate .{ MgC^Os) I        .73 


1 


«8.00 

.69 

97.32 
.80 


rt  Probably  erroneous. 

1.  Quarry  on  Short  Creek,  near  Spring  River,  Cherokee  Countv.    L.  G.  Eakin.s,analvNt.    Bull.  IT.  S- 
Geol.  Survey  No.  78.  p.  125. 

2.  Galena,  Cherokee  County.    Mineral  RcsourceM  of  Kansas,  1897,  p.  78. 

PENNSYLVANIA    ("cOAL   MEASURES '')    LIMESTONFS. 

The  Coal  Measures  rocks  of  Kansas  covers  the  three  eastern  tiers  of 
counties  and  parts  of  the  counties  in  the  fourth  tier.  Though  made 
up  mostly  of  shales  and  sandstones,  the  scries  includes  a  number  of 
beds  of  limestone.  These  limestones  are  of  importance  as  Portland- 
cement  materials  because  of  their  usual  purity,  their  proximity  to 
satisfactory  shales  and  to  transportation  routes  and,  above  all,  because 
they  occur,  in  many  places  in  Kansas,  in  the  vicinity  of  natural-gas 
fields. 

Haworth  describes  the  Coal  Measures  limestones  as  follows:'' 

To  the  northwest  of  Cherokee  County  many  local  (juarrie-s  in  heavy  limestone 
formations  have  been  operated,  some  of  which  are  still  of)erate(l  in  an  irregular 
manner.  The  most  extensive  of  these  is  the  quarry  at  lola,  which  has  produceci 
large  quantities  of  dimension  stone  and  sawed  flagstone  for  local  trade  arid  for  shij)- 
ment  to  other  [>oints.  The  limestone  at  lola  exists  in  a  layer  nearly  40  feet  thick, 
from  which  dimension  ])lockH  of  any  size  or  prop<3rtion  desirable  can  be  obtained. 

Still  farther  to  the  northwest  the  next  quarries  are  those  along  the  banks  of  the 
Kansas  River  west  of  Kansas  City,  from  which  large  quantities  of  stone  are  taken  for 
ballast  and  for  macadamizing  streets.  Near  Kansas  City  a  deposit  of  fragmentary 
material  exists,  from  whi(rh  large  quantities  have  been  shipped  for  making  sidewalks, 
macadamizing  streets,  and  similar  purposes. 


a  Mineral  Resources  of  Kansas,  1897,  p.  74-75. 
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Other  places  fnrniflh  quantities  of  stone,  the  output  of  which  would  Ik»  greatly 
increased  if  the  demand  were  sufficient  t4>  justify  the  extensive  operation  of  quarries, 
(generally,  however,  it  is  princij)ally  a  local  demand,  for  whicli  no  statistics  can  Ik^ 
gathered,  hut  which  in  the  aggregate  amounts  to  many  thousands  of  <loIlars. 

Still  farther  west  a  limestone  exists  which  is  remarkahle  in  many  of  its  properties, 
I>ermitting  it  to  be  successfully  quarried  for  all  kinds  of  dimension  stone  wherever 
it  comes  to  the  surface.  It  is  known  commercially  as  the  Cottonwood  Falls  lime- 
stone, because  such  large  quantities  have  been  shipped  from  Cottonwoo<l  Falls  and 
Strong  City  to  so  many  points  within  and  without  the  State.  The  same  rock  has 
l)een  quarried  at  a  dozen  or  more  places  to  the  north  of  Cottonwood  Falls,  such  as 
Eskridge,  Alma,  Manhattan,  Beattie,  and  a  number  of  other  pla(!es.  This  limestone 
is  not  very  thick,  averaging  from  5  to  8  feet,  and  generally  consists  of  two  individual 
layers,  known  in  the  markets  as  the  ** upper"  and  the  **  lower."  The  rock  from  the 
two  layers  differs  slightly  in  quality,  the  lower  one  generally  producing  the  best 
stone.  Its  most  valuable  properties  are  two — almost  perfect  uniformity  of  texture 
throughout,  and  the  absence  of  vertical  fissures.  It  is  white  or  light  cream  in  color, 
fine  and  noncrystalline  in  texture,  and  well  filled  with  the  little  rice-grain-like 
invertebrate  fossil,  FuguVma  cylhidrlca.  The  color  is  so  uniform  that  when  the  stone 
is  placed  in  a  building  the  general  color  effect  is  very  pleasing  and  satisfactory.  The 
absence  of  vertical  fissures  and  the  uniformity  of  texture  throughout  make  it  possible 
to  obtain  dimension  blocks  of  any  size  desire<l,  which  can  be  worked  with  perfect 
uniformity.  These  (jualities  make  it  by  all  odds  the  most  desirable  and  therefore 
the  most  extensively  used  stone  in  the  State.  Large  buildings  are  erected  from  it 
entirely,  and  many  others  partly  constructed  from  the  same  rock.  The  different 
quarries,  so  widely  separated,  make  it  possible  for  a  large  community  to  use  it  with- 
out paying  excessive  freight. 

From  this  Cottonwood  Falls  limestone  the  following  important  buildings  are  con- 
structed: Snow  Hall,  and  the  stone  trimmings  of  the  main  building,  University  of 
Kansas,  Lawrence;  the  Methodist  Epi8<*opal  Church,  I^wrence;  the  Rock  Island 
depot,  Topeka;  the  Santa  Fe  depots  at  Ottawa,  Wellington,  and  elsewhere;  and  a 
number  of  other  depot  buildings  along  the  lines  of  the  different  railways  in  Kansas. 

In  addition  to  the  above-mentioned  uses,  the  different  railroads  in  the  State  use 
the  Cottonwood  Falls  limestone  for  bridge  building  and  other  construction  purposes. 
This  is  true  to  so  great  an  extent  that  many  thousands  of  dollars*  worth  of  dimension 
stone  are  annually  supplied  the  different  Kansas  lines  for  use  in  this  State  and  else- 
where, much  of  it  Ijeing  shipped  outside  of  the  State. 

Analyses  of  Coal  Meamirea  limestones  from  Kansajt.f^ 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


No. 


Silica  (Sia^). 

1.53 
1.99 
3.79 
2.75 
2.63 
4.30 
.61 


Alumina 
(AlxOs)and 
iron  oxide 

(FejO,). 


1.75 
1.21 
1.07 
5.91 
1.76 
.81 
1.51  I 


Lime  car- 
bonate 

(CaCOs). 


94.12 
95.  20 
93.20 
91.02 
94.10 
92.76 
97.32 


Magne.oium 
earbonnle 

(MgCO:,). 

Sulphur 
trioxide 

(SOa). 

2.72 

1.10 
1.01 
.14 
.54 
.95 
.32 

0.20 

.23 
.43 

a  From  Mineral  Resources  of  Kansas,  1897,  pp.  77-78. 
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Analyne^  of  (b(d  Men^Hres  fhneMones  from  Kansnx — Continued. 


No. 

Silica  (8iO.). 

11.83 

8. 57 

7.  30 

3.53 

2.29 

8.02 

.66 

1.18 

3.82 

3. 94 

4.79 

1.18 

6.98 

8.00 

5.91 

6.20 

12.97 

17.49 

8.75 

14.01 

13.89 

1.50 

1.^5 

2.44 

16. 15 

11.97 

6.22 

9.12 

10.37 

3.27 

6.80 

Alumina 
(AI2O3)  and 
iron  oxide 

(FejOa). 

Lime  car- 
bonate 
(CaCO,). 

81.91 
84.72 
90.  (X) 
94.18 
95. 02 
88.54 

93. 49 
94.77 
94.21 
93. 61 
93.  30 
92.71 
90.01 
90.00 
89.88 
88.17 

78.  .46 
69.07 
84.80 
80.31 
80.10 

96. 50 
96.  W) 
95.  57 

79.  25 
81.98 
89.  68 
88.  55 
84.  53 
92.  50 
88.03 

Magnesium 

carbonate 

(MgCO,). 

Sulphur 

trioxide 

(SO,). 

8 

5. 53 
3.62 

i.ai 

1.07 
1.79 
2.a5 
2.13 
2.38 

.77 
1.20 
1.18 
3.09 
1.04 
1.35 
2.47 
3.  31 
3.06 
4.09 
2.37 
1.34 
4.29 
95 
1.32 

.82- 
1.91 
3. 59 
1.74 

.70 
2.49 
2.61 
2.60 

1.56 
1.75 
1.60 
1.16 

.79 
1.29 
3.04 
1.07 
1.30 
1.20 
1.26 
2.64 
1.66 

.12 
1.11 
1.88 
1.16 
3.06 
2.80 
3.87 
1.00 

.74 
1.00 

.80 
1.80 
1.20 
1.99 
1.25 
2.35 
1.62 
2.04 

0  05 

9 

.90 

10 

03 

11 

12 

13 

14 

.36 

15 

16 

17 

19 

21 

.02 

22 

.38 

23 

28 

24 

2.32 

25 

26 

.37 

27 

.78 

28 

29 

.39 

30 

31 

32 

33 

34 

.55 

a5 

36 

37 

38 

.21 

1,  2,  3.  Humboldt,  Allen  County. 

4.  .5.  lohi.  Allen  County. 

6.  7.  Garnett.  Anderson  County. 

8.  Horton,  Brown  County. 

9.  <!otlonwood  Falls.  Chime  County. 

10.  StrouK  City.  Chiise  County. 

11, 12, 13.  Lawrence,  Douglas* County. 

14.  Moline,  Elk  Count  v. 

1ft,  16,  17. 18.  Lane,  Fmnklni  (bounty. 

19.  (Jreeley.  Fmnkliti  Counly. 

20.  Winchester,  JefTerson  County. 


21.  Ottawa,  JohuHon  County. 

'2:i,  '2'^,  '2A.  I^insinK.  I^eavenworth  Couniy. 

25.  Soldiers'  Home.  Leavenworth  ('oinity. 

26.  27,  28.  BcHttie.  Marshall  County. 
29,  30,  31.  Fontann.  Miami  County! 

32.  Independence.  Montgomery  County. 

33.  Sabctlui.  Nemaha  County.  ' 

34.  3.'>,  :kj.  Alma.  Wiitwiunsee  County. 

37,  McFrtrlnnd.  Wahtiunsee  (>)unty. 

38.  Yaies  Center,  Woodson  Counly. 
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PERMIAN  IJMESTONES. 

Permian  rocks  occur  west  of  the  Coal  Measures  and  include  a  few 
beds  of  limestone,  which  are  deseril)ed  briefly  by  Ilaworth:** 

A  few  hundred  feet  above  the  Cottonwocx!  Falls  lime«tone  are  heavy  beds  of  the 
Peniiian  limestone,  which  are  usually  filled  with  flint  nodules.  These  soft  Permian 
limestones,  carrying  so  much  flint,  are  very  serviceable  for  railroml  ballast  and  are 
extensively  (j!iarrie<l  and  crushed  for  this  purpose  at  different  places.  The  quarry 
near  Strong  C'ity  h»s  prolmbly  yielded  more  ballaf<t  of  this  kind  than  any  other  one 
in  the  State,  but  extensive  quarries  are  operated  farther  west  along  the  Santa  Fe  at 
Florence  and  near  Marion,  and  along  the  Rock  Island  at  different  points,  all  of  which 
produce  practically  the  same  kind  of  stone. 

Analyses  of  Permian  limestones  from  Kansas. 


8 


Silica  (SiO,) 5.04 

Alumina  (AljOs) ^      ^^ 

Iron  oxide  ( Fe/),) / 

Lime  carbonate  (CaCX),) 93. 32 

Magnesium  carlx>nate  (MgCO;,) 1. 06 


13.  60  I     3.  34       5.  27 

1.07 


2.55       1.69 


76. 16     93. 98 


{;: 


} 


4.25 


03 
89. 93     94. 06 


7.63 


.94       1.18 


.62 


1.  Eldorado,  Butler  County.    Mineral  ResourccHof  Kan»i.s,  1897,  p.  77. 

2.  Arkansas  (?ity,  ('Owley  County.    Ibid. 

3.  ("ambridKe.  Oowley  County.    Ibid.  p.  78. 

4.  Silverdalc,  Cowley  County.    C.  ('atlett,  analyst.    Bull.  V.  8.  (Jeol.  Survey  No.  f»4,  p.  46. 
6.  Winfleld,  Cowley  County.    Mineral  Hesouroe.s  of  Kansas,  1«97.  p.  77. 

6.  Marlon  County.    Ibid, 


5.51 

1.24 

91.50 
1.62 


CRETACEOUS  LIMESTONES. 

The  chalk  and  chalky  Ihuestones  of  the  Cretaceous  occurring  in 
western  Kansas  are  as  promising  as  those  of  Arkansas  and  Texas,  l)ut 
the  quarries  are  at  present  handicapped  by  distance  from  fuel  and 
from  cement  markets.     Haworth  describes  the  limestones  as  follows:* 

In  the  central  and  west-central  i)art  of  the  State  the  Oretat^owa  limestones  have 
been  quarried  to  a  preat  extent.  They  are  generally  spoken  of  Ux^ally  as  magnesian 
limestone,  although  such  a  term  is  entirely  misapplied.  A  belt  of  country  stretches 
across  the  State,  by  way  of  Beloit  and  Russell,  throughout  which  a  fine  layer  of 
limestone  is*  quarrie<i  and  broken  into  pieces  suitable  for  fence  i)08t^.  Travelers 
passing  from  east  to  west  along  almost  any  railroad  line  in  the  State  ann  notice  large 
fields  and  pastures  fenced  entirely  by  fastening  the  wire  fencing  to  these  stone 
posts,  which  are  set  in  the  ground  similar  to  the  way  common  wooden  jK^sts  are 
used  in  ordinary  fencing.  The  Oetaceous  limestones  also  serve  many  structural 
purposes  in  all  of  the  cities  and  villages  within  the  Cretaceous  area.  The  rock  is  so 
soft  it  can  easily  be  sawed  into  blocks  and  workc<i  with  chisel  and  hannner  nmch 
more  rapidly  than  ordinary  limestone.  This,  added  to  its  property  of  maU^rially 
hardening  after  quarried,  greatly  increases  its  value.  None  of  it  is  what  would  be 
called  a  first-class  building  material,  yet  it  is  cai>able  of  being  used  in  many  ways, 


(I  Mineral  licstmroeH  of  Kansa.s  1897,  p.  75. 
l»Ibid,  pp.  75-76. 
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and  fumishes  a  convenient  and  durable  stnictural  material  for  that  part  of  the  State, 
which  prevents  other  stone  from  being  shipped  in.  Here,  as  elsewhere,  local  demands 
are  not  so  great  now  as  they  formerly  were,  but  every  year  thousands  of  dollars'  worth 
of  the  rock  are  quarried  and  used  for  various  purposes,  princii)ally  for  supplying 
fence  posts. 

Analyses  of  Cretaceous  Uviestones  from  Kansas. 


Silica(8iO,) 

Alumina  ( AljO,) 

Iron  oxide  (Fe^Os) 

Lime  carbonate  (CaCOj) 

Magnesium  carbonate  (MgCOg) 
Water 


} 


4.81 

3.07 

90.63 
.84 
.08 


5.06 
2.08 

9L'30 

.87 
.44 


1.  Coolidge,  Hamilton  County.    Minenil  Resources  of  Kanwus,  1897,  p.  78. 

2.  Jetmore,  Hodgeman  County.    Ibid. 

PORTLAND-CEMENT  INDUSTRY  IN  KANSAS. 

Two  Portland-cement  plants  are  now  in  operation  at  or  near  lola, 
Allen  County,  while  a  third  is  in  prospect,  to  l)e  located  at  Inde- 
pendence, Montgomery  County.  Both  of  the  present  plants  (as  well 
as  the  one  projected)  use  Carboniferous  limestones  and  shales.  While 
the  materials  are  very  satisfactory,  there  is  nothing  strikingly  advan- 
tageous in  their  use.  The  particular  advantage  possessed  by  the 
Kansas  plants  is  derived  not  from  the  use  of  especially  good  raw 
materials,  though  the  limestones  and  shells  are  satisfactory  enough, 
but  from  the  fact  that  the  plants  are  located  in  a  natural-gas  area 
and  are  therefore  supplied  with  cheap  fuel. 

The  materials  used  at  the  two  plants  now  in  operation  giv^e  the 
following  representative  analyses: 

Amiltfses  of  linu'stom's  and  shales  iisedfor  cemerU  making  in  Kansas. 


Silica  (SiO,) ^ 

Alumina  ( Al^Os) / 

Iron  oxide  (FeA) 21> 

Lime  (CaO) 55.74 

Magnesia  ( MgO) 51 

Carlson  dioxide  (CO., ) 42.  76 

Water 04 


'{ 


1.19 

.95 

1.28 

53. 13 

1.36 


I  42. 


66 


54.18 

19.17 

6.11 

7. 05 

1.89 

11.95 


5 


I 


1.1 

1.8 

51.7 
2.0 

43.3 


56.0 
22.1 

8.0 
1.5 

10.7 


1.  Limestone  from  lola,  Kansa-s.    H.  N.  Stokes,  analyst.    Bull.  U.  S.  Geol.  Survey  No.  78.  p.  124. 

2.  Limestone  used  by  lola  Portland  Cement  Company. 

3.  Shale  usetl  by  lola  Portland  Cement  Company. 

4.  Limestone  used  by  Kansas  Portland  ('ement  Company. 

5.  Shale  used  by  Kan.sas  Portland  Cement  Company. 
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PORTTj^VND  cement  resources  of  KENTUCKY.^ 

Limestones  prevailing!}'  low  in  magnesia  and  otherwise  satisfactory 
as  cement  materials  occur  in  Kentucky  in  four  different  geologic 
groups.  These  groups,  whose  areal  distribution  in  Kentucky  is  shown 
on  the  map  forming  PL  VI,  are  as  follows,  beginning  with  the  olde^t: 

1.  Trenton  limestone. 

2.  Cincinnati  group  limestones. 

3.  Mississippian  or  Lower  Carboniferous  limestone. 

4.  Pennsylvania  or  Coal  Measures  limestones. 

TRENTON   LIMESTONE. 

The  Trenton  group  occupies  much  of  the  counties  of  Franklin, 
Scx)tt,  Bourbon,  Woodford,  Fayette,  Jessamine,  and  smaller  portions 
of  Boyle,  Clark,  Mercer,  Owen,  Henry,  and  Anderson.  The  lime- 
stones which  make  up  most  of  this  series  are  usually  quite  low  in 
magnesia,  while  their  range  in  lime  carbonate  is  commonly  from  90  to 
95  per  cent. 

According  to  Mr.  E.  O.  Ulrich  the  rocks  in  Kentucky  that  are 
referred  to  this  group  comprise  an  exposed  thickness  of  about  700  feet 
of  solid,  chiefly  nonmagnesian,  limestone.  The  magnesian  beds  are 
practically  confined  to  the  lower  400  feet,  and  it  is  doubtful  if  these 
magnesian  beds  will  reach  an  aggregate  thickness  of  150  feet.  The 
series  is  equivalent  to  the  Mohawkian  of  New  York,  to  the  limestones 
in  Middle  Tennessee  included  between  the  Murfreesboro  and  Catheys 
limestones  (see  Columbia  folio),  and,  in  a  general  way,  to  the  '^ Trenton '" 
(including  Galena)  of  the  Mississippi  Valley. 

In  Kentucky  State  reports  the  series  is  divided,  from  below  upward, 
into  *^Chazy,"  ''Birdseye,"  and  '^Trenton".  The  first  two  are  the 
same  as  the  Stone  River  group  in  Tennessee  and  the  High  Bridge 
limestone  of  Campbell  in  the  Richmond  folio.  The  third  embraces 
the  recognizable  equivalents  of  the  Hermitage,  Bigby,  and  Cathey 
limestones  of  middle  Tennessee,  and  the  Lexington  limestone  (=  Her- 
mitage and  Bigby),  Flanary  chert,  and  lower  part  of  Winchester 
limestone  (together  ^  Cathey)  of  Campbell. 

«  For  most  of  the  data  presenU'd  in  repard  to  Kentucky  cement  niateriaLs  the  writer  Is  indebted  to 
Mr.  E.  O.  Ulrieh,  of  the  U.S.  Geological  Survey 
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Analyses  of  limestones  from  Trenton  group^  Kenincky.^ 

[R.  Peter,  analyst.] 


3.28 


Silica  (SiOs) 6.92 

Alumina  ( AI5O3) 

Iron  oxide  (FcjOs) 

Ume  carbonate  ( OaCOa) 1  S*.  56 

Magnesium  carbonate  ( MgOOs ) '    3. 57 

Alkalies  (KsO,  Na,0) 88 

Sulphur  trioxide  (SO,) I      .47 


8 


2.38 


2.18 
2.42 


91.48  I  92.  ?3 

1.04  i      .63 

.55         .51 


.32 


I 


.34 


2.08  ' 

I 

I 

I 

95.38  1 

1.51  I 

.14  j 

.58  I 

I 


9 

6 

7 

6.94 

1.88 

5.18 

.12 

2.70 

1.53 

89.63 

90.72 

91.33 

.88 

4.61 

.66 

.52 

.35 

.77 

.68 

n.d. 

.83 

I 


1.58 

.88 

96.68 

2.04 

.24 

.17 


2.18 

.63 

94.75 

1.96 

.26 

.30 


1.  Clark  County. 

2.  Fayette  County. 
8.  Fayette  County. 

4.  Franklin  County. 

5.  Franklin  County. 


a  From  Kentucky  (ieol.  Sur\*ey,  Rept.  A,  pt.  2,  pp.  123-124. 

6.  Mercer  County. 

7.  Woodford  County. 

8.  Fayette  County. 

9.  Woodford  County. 


The  proposed  Portland  cement  plant  at  Mentor  will  use  shaly  lime- 
Htone  of  Trenton  age.  This  formation  outcrops  in  a  narrow  strip 
along  the  Ohio  River  in  Kenton  and  Campbell  counties.  Another 
proposed  plant,  below  Ludlow,  is  to  use  the  limestones  (KX)  feet  thick) 
capping  the  hills  and  the  Eden  shales  beneath  them.  The  slope  of 
the  hills,  to  a  height  of  250  feet  or  more,  is  composed  of  these  shales. 
The  Trenton  limestone  along  Ohio  River  runs  higher  in  silica  than  in 
central  Kentucky,  but  MgCOj  general Ij'  is  less  than  2  per  cent. 

CINCINNATI  OR  HUDSON   GROUP. 

The  series  of  shales  and  limestones  which  make  up  the  Cincinnati 
or  Hudson  group  in  Kentucky  occupy  most  of  the  north-centiul  por- 
tion of  the  State.  The  group  consists  of  dark  blue,  argillaceous, 
thin-bedded  limestones,  with  frequent  interbedded  shales.  The  lime- 
stones are  usuall}^  of  satisfactory  composition  for  use  as  cement 
materials.  The  shales,  however,  are  frequently  sandy  in  the  southern 
and  western  parts,  but  it  is  probal)le  that  even  here  shale  beds  of 
satisfactory  (composition  could  be  found  on  careful  search. 

North  of  a  line  connecting  Madison,  Ind.,  and  Maysville,  Ky.,  the 
Cincinnati  limestones  are  pure  and  the  shales  are  calcareous  and  never 
arenaceous.  In  going  southward  from  this  line  both  the  shales  and 
the  limestones,  particularlj'  in  the  middle  part  of  the  group,  gradually 
grow  more  and  more  sandy.  Along  the  Cumberland  River  (in 
southern  Kentucky)  practically  the  whole  group  is  represented  by  a 
iine-grained  sjuulstone.  This  has  l^een  called  b}'  Shaler  the  Cumber- 
land sandstone. 


GEOLOGIC    MAP    OF    KK . 
Revised  fVom  maps  of  the  Kenliick> 


KVTUCKY   AND    TKNNKSSK 
ky  (ind  Tennessee  ^colngitjal  s 


'n«nton  and  Stones  Rivi 


ECKEL.] 


KENTUCKY. 
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AmUyses  of  limestones  from  CHncinnati  group,  KetUucky.^ 

[R.  Peter,  analyst.] 


Silica  (810s) 14.44 

Alumina  (AlsOi) 

Iron  ozJde  (FojOa) 

Lime  carbonate  (CaCO^) 

Magnesium    carbonate 
(BfecO,) 

Alkalies  (K2O.  NasO) 

Sulphur  tiloxide  (SO3) 


1 

« 

3 

14.44 

6.38 

13.98 

3.75 

2.20 

3.91 

75.44 

87.98 

77.30 

4.78 

1.T2 

2.31 

.83 

.34 

.49 

.47 

.37 

2.43 

10. 42 

2.03 

85.20 

1.24 
.79 

.17 


1.89 

.54 

96.51 

1.05 
.25 

.18 


6 


3.68 

1.19 

92.65 

1.54 

.43 

1.27 


7 

H 

9 

7.18 

16.64 

1.71 

2.34 

2,48 

3.58 

88.90 

78.68 

92.92 

1.47 

1.57 

.56 

.22 

.36 

.32 

.24 

.27 

.34 

10 


0.78 

1.04 

96.24 


.94 

.87 
.18 


1.  Mason  County. 

2.  Ma.«K>n  County. 

3.  Mason  County. 

4.  Anderson  County. 

5.  Bourbon  County. 


6.  Franklin  County. 

7.  Mercer  County. 

8.  Nicholas  Count)\ 

9.  Owen  County. 

10.  Woodford  County. 


Excepting  5  and  10,  which  are  of  unusually  pure  limestones  for 
their  respective  localities,  and  J),  which  is  nearly  normal  for  the  north- 
ern part  of  the  Cincinnati  outcrop,  all  these  analyses  illustrate  the 
increase  in  silica  southward,  referred  to  above.  In  the  central  coun- 
ties north  of  the  Maysville-Madison  line  the  limestones  contain  very 
little  silica  iand  agree  closely  with  those  in  southwestern  Ohio. 

MISSISSIPPIAN   OR    ''lower   CARBONIFEROUS"    LIMESTONES. 

The  Lower  (Carboniferous  limestones  are  commonly  low  in  magnesia; 
and  in  most  of  the  area  covered  by  them  in  Kentucky  thej'^  are  also 
high  in  lime  carbonate.  As  the  Tennessee-Kentucky  State  line  is 
approached,  however,  interbedded  la3'ers  of  chert  become  more  and 
more  common,  until  the  lower  part  of  the  series  becomes  too  siliceous 
to  be  of  much  promise  as  a  source  of  Portland-cement  materials. 

The  lower  Mississippian  sandstone,  or  Waverly  sandstone,  shown 
on  the  map,  is  limited  to  the  east  side  of  the  Cincinnati  axis  and  north 
of  Jackson  County,  Ky.*  South  of  Jackson  County  and  west  of  the 
Cincinnati  axis  the  equivalent  strata  consist,  in  central  Kentucky, 
principally  of  shale,  in  which  may  occur  considerable  beds  of  siliceous 
limestone;  in  west  Kentucky  and  middle  Tennessee  principally  of  sili- 
ceous limestone,  with  more  or  less  shale  in  the  lower  part  (=  TuUa- 
homa),  passing  southward  into  the  Fort  Pajme  chert. 

In  the  Mississippian  group  there  are  two  horizons  or  beds,  ])oth 
oolitic,  that  are  important  as  future  sources  of  Portland-cement  mate- 
rial. The  first,  occurring  at  the  base  of  the  St.  Louis  and  equivalent 
to  the  Spergen  Hill  (Bedford)  limestone  of  Indiana,  forms  a  generally 
broad  strip  passing  through  Meade,  Hardin,  Larue,  Barren,  Warren, 
Todd,  Christian,  and  Trigg  counties.  The  second  is  the  Ste.  (iene- 
vieve  limestone,  which  is  limited  to  Christian,  Caldwell,  Crittenden, 

a  From  Kentucky  Geol.  Survey,  pt.  2,  p.  123. 
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and  Livingston  counties,  in  western  Kentuck3\  Between  the  first 
strip  and  the  border  of  the  western  Kentucky  coal  field  there  is  first 
a  broad  strip  of  St.  Louis  limestone,  which  is  usually  too  siliceous  and 
too  magnesian  for  use  in  making  Portland  cement,  and  then,  near  or 
just  outside  of  the  coal  field,  the  limestones,  shales,  and  sandstones  of 
the  Chester  group. 

The  Chester  contains  several  beds  of  apparently  promising  lime- 
stone closely  associated  with  beds  of  shale. 

No  good  limestones  occur  in  west-central  Tennessee  except  in  Mont- 
gomery and  Robertson  counties,  where  the  lower  oolite  is  present. 
However,  the  St.  Louis  limestone  here,  as  also  in  Kentucky,  contains 
many  beds  of  only  slightly  siliceous  and  probably  nonmagnesian 
limestone. 

Of  the  analyses  below,  Nos.  1  and  7  are  Spergen  Hill  oolites, 
Nos.  3,  5,  and  6  St.  Ix)uis  limestone,  and  2,  4,  and  8  Chester  liniestona'^, 
though  the  last  is  extraordinaril}'  pure  for  a  Chester  limestone. 

Anatyaies  of  Upper  Mi^suKsippian  liineMoticn  from  Kentucky.^ 

[R.  Peter,  analyst.] 


No. 

Sili(»i 

(SiOs). 

Alumina 

(AlaO:,): 

iron  oxide 

(FezOa). 

Lime 
carbonate 

(CaCOa). 

98.05 
93. 02 
95. 15 
85.68 
88. 15 
92. 05 
98.58 
97.63 

Magnesium 
carl)oiiate 

(MgCOa). 

Alkalies 
(KaO.NaaO). 

Sulphur 
trioxide 

(SO,). 

1 

1.06 
2.76 
3.06 
7.48 
9.56 
4.46 
.38 
.49 

0.51 
.92 

1.39 

2.56 
.15 

1.49 
.46 
.22 

0.36 
2.09 
.24 
2.50 
.38 
.22 
.63 
.65  ' 

0.44 

not  det. 
not  det. 

.36 
not  det. 
not  det. 

.18 
not  det. 

0.26 

2 

.60 

3 

Tracje. 

4 

5 

.84 

6 

.20 

7 

.27 

8 

.34 

1.  Gla^ow  Junction,  Barren  County. 

2.  Barren  River,  Butler  County. 

3.  Irrin  Hill-s  Furnace,  Carter  County. 
i.  Grayson  County. 


5.  Old  Town  Creek.  Greunnp  County. 

6.  Kenton  Furnace.  Greenup  County. 

7.  Hardin  County. 

8.  Litchfield,  Grayson  County. 


PENN8YLVANIAN   OR   "  COAL  MEASURES"   LIMESTONES. 

A  number  of  limestone  beds  occur  interbedded  with  the  shales  and 
sandstones  of  the  Coal  Measures.  These  Coal  Measures  limestones  arc 
usually  low  in  magnesia,  but  mrely  carry  more  than  80  to  90  per  cent 
of  lime  carbonate.  Compared  with  the  thick  series  of  lower  Carbo- 
niferous limestones,  they  are  so  thin  that  they  would  be  of  but  little 
importance  if  it  were  not  for  their  advantageous  location  near  sup- 
plies of  fuel. 


"Analyses  1    to  7   from   Kentucky  Geol.  Survey,  Rept.   A,  pt.  2,  pp.  119-120;    analysis  8  from 
Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  6,  p.  545. 
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Atmlyses  of  ('onl  Meamre  limrstones  from  Kentuchj. 


No. 


1. 
2. 
3. 
4. 

5. 


Alumina 

(Al^Oa); 

iron  oxide 

(Fe^O,). 


Lime 
carbonate 

(CaCOa). 


75.75 
88.41 
88.38 
82.88 
97.15 


Magnesium 
carbonate 

'(MgCOa). 

Alkalies 

(KjjO.NaaO). 

Sulphur 
trioxide 

(SO3). 

0.57 

.79 

3.68 

4.20 

.93 

n.  d. 

0.51 
.35 
.29 

0.78 
.04 
.17 

4.72 

Anal^HCB  1  to  4  (by  R.  Peter)  from  Kentucky  Gcol.  Survey,  Kept.  A,  pt.  2,  p.  119;  analysis  6 
communicated  by  F.  E.  Hay  ward. 

1.  Mount  Savage  Furnace,  Carter  County. 

2.  Pea  Ridge,  Greenup  County. 

3.  Henderson  County. 

4.  Muhlenbcig  County. 

6.  Hay  ward,  carter  County. 

PORTIiAND-CEMENT  RE801T11CE8  OF  liOUISIAXA. 

The  great  chalk  formations,  which  seem  destined  to  be  such  impor- 
tant sources  of  Portland-cement  material  in  the  neighboring  States  of 
Texas,  Arkansas,  Mississippi,  and  Alabama,  fail  to  occur  in  Louisiana 
except  as  small  isolated  outcrops.  The  State  is  therefore  practically 
devoid  of  limestone  and  can  hardly  be  considered  as  a  possible  future 
producer  of  Portland  cement.  The  few  limestone  outcrops  that 
appear  within  its  limits  are  described  as  follows:  * 

Creiaceotis  limestones. — The  \iei\9  of  limestone  seem  to  be  almost  entirely  confine<l 
to  the  Cretaeeou.s.  Of  the  three  outcrops  which  occur  in  the  State,  the  Winnfield 
limestone  is  of  very  doubtful  value  as  a  building  stone,  but  the  Coochie  Brake  and 
Bayou  Chicot  deposits  may  be  utilize<l  for  that  puri)ose. 

The  Winnfield  limestone  is  a  highly  crystallized  blue  and  white  bande<i  stone.  It 
is  full  of  cracks  and  pockets  and  other  flaws,  which  will  render  it  useless  as  an 
ornamental  or  building  stone.  It  can  doubtless  \ye  used  to  advantage  for  making 
lime.  The  quantity  of  the  stone  in  sight  is  large  and  it  can  l)e  very  economically 
quarried.    Several  kilns  of  lime  have  already  been  burned  there. 

The  purity  of  the  stone  is  shown  by  the  following  analysis  by  Dr.  W.  F.  Hille- 
brand,  *  of  the  United  States  Geological  Survey: 

Analysis  of  limestone  from  Winnfield. 

Silica  (SiO,) 0.65 

Alumina  ( AljOj) Trace. 

Iron  oxide  (Fe,Os) Trace. 

Lime(CaO) 55.01 

Magnesia  (MgO) 60 

Sulphur  trioxide  (SO3) 27 

Carbon  dioxide  (CO,) 43.43 

Water 13 


a  Report  Geol.  Survey  Louisiana  for  1899,  pp.  130-131. 
6  Bull.  U.  S.  Geol.  Survey  No.  60,  p.  160. 
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The  C<xx;hie  Brake  stone  ie  a  light-yellow  or  bluish-yellow,  coarse-grained,  sandy 
limestone.  It  is  of  excellent  quality  for  building  purposes,  but  its  value  is  somewhat 
impaired  by  the  presence  of  small  nodules  of  iron  pyrites.  These  will  restrict  its 
use  to  situations  where  a  good  external  appearam^e  is  not  one  of  the  qualities  rec^uired 
of  the  stone.  The  pyrite,  if  the  quantity  proves  to  be  large,  may  destroy  its  value 
altogether.     The  quantity  of  stone  at  this  locality  is  laige,  and  it  is  easily  obtained. 

The  Bayou  Chicot  stone  is  the  best  for  building  that  we  have  seen  in  the  State. 
It  is  a  fine-grained  dark-gray  limestone.  Only  two  very  small  outcrops  of  it  were 
seen,  and  from  these  no  very  satisfactory  ideas  of  the  extent  of  the  deposit  could  Ikj 
gained.  In  the  two  outcrops  the  dip  is  very  great,  and  the  cost  of  uncovering  the 
stone  would  probably  be  large.  Borings  are  neciled  tonhaw  the  depth  of  the  depr>sit. 
In  the  early  history  of  the  country  lime  waft  made  at  this  place.  The  rillrs  of  the 
old  limekilns  are  to  be  seen  near  the  larger  outcrop. 

Analysis  of  limestone  from  Ray  horn's  salt  lickf  Bienville  Parish,  « 


I  1.61 


Silica  (SiO,) 0.55 

Alumina  ( Al./),) 

Iron  oxide  ( FcjO^) 

Lime  (CaO) 54.09 

Magnesia  (MgO) 06 

Sulphur  trioxide  (SO,) 05 

Carbon  diox ide  ( CO, ) 44. 1 2 

Tertiary  limestones, — The  concretions  of  limestone  in  the  Tertiary  l)e<ls  are  often  of 
large  size  and  have  been  used  locally  for  the  foundations  of  houses.  At  Shreveport 
large  calcareous  concretions  are  crushed  and  used  on  the  streets  and  in  concrete 
work.  Hopkins  reports  a  place  5  miles  from  Natchitoches,  called  the  Kilns, 
where  large  concretions  have  been  burneti  for  lime. 

At  Rocky  Spring  Church  lime  was  burned  from  a  little  outc»rop  of  Tertiary  lime- 
stone for  the  masonry  of  Fort  Jessup. 

POIlTIiAND-CKMENT  RESOURCES  OF  MAINE. 

Numerous  more  or  less  extensive  limestone  beds  are  known  to 
occur  in  various  parts  of  Maine,  but  few  of  these  will  be  worth  con- 
sidering as  possible  sources  of  Portland-cement  materials.  Most  of 
the  outcrops  are  located  far  from  fuel  supply  and  cement  markets, 
and  the  transportation  question  is  particularl}^  serious  in  a  State  having 
so  low  a  I'ailroad  mileage  as  Maine.  Geologic  mapping  has  not  pro- 
gressed sufficienth^  to  give  even  a  fairly  accurate  map  of  the  limestones 
of  the  State,  and  few  satisfactory  analyses  are  available.  It  is  pi*ac- 
tically  certain,  however,  that  the  only  limestones  on  which  a  Portland- 
cement  industry  can  be  based,  under  present  conditions,  are  those 
which  outcrop  along  or  near  the  Altantic  coast  line. 

As  a  source  of  Portland-cement  material,  it  seems  probable  that 
some  of  the  limestones  which  are  now  so  extensivclv  utilized  for  lime 
burning  in  the  neighborhood  of  Rockland,  Rockport,  and  Union,  in 
Knox  County,  might  prove  available.  These  limestone  deposits  are 
of  comparativelj'  large  size,  and  are  located  on  or  near  deep  water. 

a  Bull.  U.  S.  Geol.  Survey  No.  188,  p.  268;  analysis  by  R.  B.  Rlggs. 
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(Tiacial  clays  are  abundant  in  the  vicinity  of  the  limestone,  and' it  is 
probable  that  some  of  these  clays  can  be  found  of  suitable  composition 
for  a  Portland-cement  mixture.  The  Knox  County  limestones  are 
of  very  satisfactory  composition  as  cement  materials,  as  is  shown  by 
the  analyses  quoted  below. 

AiuilyaeH  of  limestonea  from  Knox  County j  Maine. 


Silica  (SiO,) 1.08 

Alumina  ( AljOg) 07 

Iron  oxide  (FejOj) 08 

Lime  carbonate  ( CaCO,)  98. 1 7 

Magnesium  carbonate  ( MgCOj) .09 

Water n.  d. 


1.  McNamara  quarry,  Rockland.    J.  C.  Robinsun,  analvKt.    Twentieth  Ann.  Rept.  U.  S.  Geol.  Sur- 
vey, bt.  6,  p.  3Ug. 

2.  BRchelder  quarr>'.  Union.    J.  C.  Robinson,  analyst.    Ibid. 

3.  Rockland-R4K>kix)rt  Lime  Company.    Communicated  by  0.  O.  Smith,  1904. 

Limestone  beds  of  considerable  extent  also  occur  near  Islesboro. 
A  specimen  from  this  locality,  collected  b}^  G.  O.  Smith,  was  analyzed 
by  W.  T.  Schaller  in  the  laboratory  of  the  United  States  Geological 
Survey,  and  proved  to  be  a  very  pure  limestone,  low  in  magnesia. 

Analysis  of  limestone  from  IskslMirOy  Me. 

Silica  (SiO,) 3.76 

Alumina  (A1,0,) 103 

Iron  oxide  ( FcjOg) 43 

Lime(CaO) : 51.30 

Magnesia  (MrO) 1.16 

The  following  analysis,  communicated  b}^  G.  O.  Smith,  is  of  a  clay 
occurring  on  the  property  of  the  Rockland-Rockport  Lime  Company, 
in  Knox  County.  As  can  be  seen  from  the  analysis,  it  would  serve 
well  to  mix  with  the  limestones  above  noted: 

Analysis  of  clay  from  Knox  County y  Me. 

Silica  (SiOj) 61.59 

Alumina  (AlA) 19-10 

Iron  oxide  (FcjOj) 7.53 

Lime(CaO) 1.68 

Magnesia  (Mg()) 1.87 

Carbon  dioxide  (CO,) ^  -  -- 

Water : |  ^  ^^ 

The  analyses  of  limestones  given  in  the  following  table  are  quoted 
from  an  early  report,  by  Professor  Hitchcock,  on  the  geology  of 
Maine.    They  are  inserted  here,  as  they  may  serve  to  some  extent  as 

Bull.  243—05 12 
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a  guide  to  the  limestone  prospector.  It  should  be  noted,  however, 
that  the  quality  of  the  analyses  is  not  above  suspicion,  and  also  that 
manj'  of  the  beds  anal3^zed  may  prove  to  be  entirely  too  small  to  work 
with  profit: 

Analyses  of  Maine  limestones. 


No. 

County. 

Locality. 

Insoluble. 

FejOa. 

CaCOg. 

1 

Androscoggin 

Franklin 

do ' 

1 

do 1 

d" ' 

do 

do 

do 

do ' 

<lo 

do , 

do 

do ' 

do 

do 

Kennebec 

do 

do 

do 

do 

do 

Turner  

$  ■ 

25.0 
8.8 
23.4 
6.4 
14.4 
21.2 
34.0 

:^.o 

20.6 
10.2 
34.4 
26.8 
34.6 

8.4 
28.4 
17.2 
24.2 
31.0 
16.2 
20.6 
20.2 
29.2 
20.0 
20.8 

8.6 

9.6 
20.0 
14.4 
24.8 
25.4 
13.8 
25.2 

2.8 
36. 4 
10.6 
24.8 

9.0 

0.4 
1.4 

.4 
4.8 
1.2 
2.8 
3.2 
10.2 
2.4 
1.6 

.8 
5.6 

.4 
1.0 
1.4 

.6 
2.0 

.6 
2.0 
1.6 
1.0 

.4 
1.2 
1.4 
1.2 
1.8 
1.6 
1.2 
4.0 
1.4 
4.4 

74.6 

2 

Oarthaee 

89.8 

3 

do 

76.2 

4 

Farmington 

88.8 

5 
6 

Farmington  Hill 

Industry 

84.4 
76.0 

1 

8 

Livermore  Falls 

New  Sharon 

62.8 
53.8 

9 

do 

77.0 

10 

do 

88.2 

11 

Phillips 

64.8 

12 

do 

67.6 

13 

do 

65.0 

14 

Strong 

90.5 

15 

^^  o ................ 

Temple 

70.2 

16 

Clinton 

76.8 

17 

Winslow 

73.8 

18 

do 

68.4 

19 

do 

81.8 

20 

do 

77.8 

21 

do 

78.8 

?2 

Oxford 

Dixfield 

69.4 

23 

do 

do 

• 

79.6 

24 

do 

.....  v«»»       ............ 

Rumford  Falls 

Dexter 

•  78.0 

25 

Penobscot 

do 

do 

do 

90.0 

26 

do 

89.2 

27 

do 

78.2 

28 

do 

84.0 

29 

Piscataquis 

do 

do 

Somerset 

Ablx)t 

74.0 

30 

Dover 

70.6 

31 

Guilford 

84.8 

32 

Athens 

70.4 

33 

do 

do 

72.6 

34 

do 

Harmony 

2.2 
1.2 
1.4 
1.2 

61.4 

35 

do 

Norridgewock 

88.2 

36 

do 

West  Waterville 

do 

73.8 

37 

do 

89.8 

1 
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PORTI.AKD-CEMENT  RESOURCES  OF  MARYIiAND. 

Up  to  the  present  time  no  Portlftnd-cement  plants  have  been  built  in 
Maryland,  but  three  limestone  formations  in  the  State  are  so  well 
located  and  so  satisfactory  in  cheniical  composition  as  to  give  promise 
of  being  future  sources  of  supply  of  Portland-cement  materials. 
Several  other  limestones  occur,  but  are  either  too  high  in  magnesia  or 
otherwise  not  well  adapted  to  cement  manufacture.  The  three  avail- 
able limestone  formations  above  noted  are,  in  descending  order,  as 
follows: 


Name.  I  Qeologric  age. 


(i  reenbrier  limestone Mississippian. 

Lewieton  or  HeUlerberg  limestone Silurian. 

Trenton  limestone Ordovician  (Lower  Silurian). 


The  areal  distribution  of  these  three  limestones  in  Marvland  and 
the  adjoining  States  is  shown  on  the  geologic  map,  PI.  XV,  opposite 
page  314. 

TRENTON   LIMESTONES  AND  ADJACENT  CLAYS. 
DISTRIBUTION   AND   CHARACTER. 

The  Cambro-Ordovician  limestones,  including  the  Trenton  lime- 
stone, which  is  the  special  object  of  interest  here,  occur  in  three  prin- 
cipal areas  in  Maryland,  two  of  which  are  in  Washington  County  and 
one  in  Frederick. 

The  westernmost  area  enters  Maryland  from  Pennsylvania  in  central 
Washington  County,  and  runs  in  a  direction  slightly  west  of  south  to 
Potomac  River,  which  it  reaches  between  Cherry  Run  and  Williams- 
port.  The  eastern  border  of  this  limestone  belt  lies  just  west  of  Con- 
ococheague  Creek,  while  Little  Conococheague  Creek  lies  in  the  lime- 
stone area.  Fairview,  Reiffs,  Hicksville,  and  Clear  Spring  are  located 
on  the  limestone. 

The  central  limestone  belt  covers  almost  all  of  the  eastern  third  of 
Washington  County.  It  enters  from  Pennsylvania  as  a  broad  belt, 
being  about  15  miles  wide  at  the  SUit-e  line.  It  underlies  the 
Hagerstown  Valley,  Antietam  Creek  running  down  the  middle  of  the 
belt  for  its  entire  extent.  Hagerstown  and  Sharpsburg  are  located 
near  the  middle  of  the  belt;  Blue  Mountain,  Edgemont,  and  Weverton 
lie  on  or  near  its  eastern  edge,  while  Williamsport,  Salisbury,  and 
Mangansville  are  on  or  near  the  western  border  of  the  limestone. 
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The  third  and  easternmost  area  of  these  limestones  lies  in  the  east- 
central  portion  of  Frederick  County,  along  Monocacy  River.  Fred- 
erick, Adamstown,  Frederick  Junction,  Woodsboro,  and  Walkersville 
are  located  on  this  area  of  limestone. 

It  must  be  borne  in  minJ  that  these  limestone  belts,  as  above 
described  and  as  shown  on  the  map,  PI.  XV,  opposite  page  314,  include 
two  very  different  types  of  limestone,  one  of  which  is  excellent  as  a 
Portland-cement  material,  while  the  second  is  absolutely  worthless  for 
that  purpose,  because  of  the  very  high  percentage  of  magnesia  that 
it  usually  contains.  This  fact  is  discussed  in  considerable  detail  in 
the  descriptions  of  the  Lehigh  district  cement  rocks  of  Pennsylvania 
and  New  Jersev,  and  the  reader  will  do  well  to  look  over  the  discus- 
sion  there  given  (pp.  284  et  seq.) 

As  a  guide  to  searching  for  and  recognizing  the  Trenton  limestone, 
which  is  the  one  suited  for  cement  manufacture,  it  may  be  said  that 
the  Trenton  is  usually  dark  gray  to  almost  black  in  color,  often  slaty 
in  appearance;  that  it  frequently  contains  fossil  shells,  but  rarely^ 
includes  the  beds  or  masses  of  chert  which  are  so  common  in  the 
underlying  light-gmy  or  blue  magnesian  limestone. 

As  the  Trenton  limestone  is,  moreover,  the  higher  of  the  two 
limestones,  it  will  usually  be  found  along  the  contact  between  the 
limestone  belt  and  the  slates  or  shales  which  border  it,  while  the  mag- 
nesian limestones  commonly  occur  near  the  middle  of  the  belt  of 
limestone. 

COMPOSITION. 

The  Trenton  limestone  is  almost  invariably  low  in  magnesia,  and  is 
therefore  suitable  for  use  as  a  Portland-cement  material.  In  places  it 
carries  a  high  percentage  of  clayey  matter,  as  is  instanced  by  its  com- 
position in  the  Lehigh  district  of  Pennsylvania  and  New  Jei*sey. 

The  analyses  below  are  fairly  representative  of  the  composition  of 
the  Trenton  limestones  of  Maryland.  It  is  probable  that  careful  search 
along  the  contacts  between  the  limestone  belts  and  the  adjoining  slates 
or  shales  would  show  the  presence  of  clayey  limestones  similar  to  the 
Lehigh  cement  rock  in  composition. 
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'inahfuea  of  Trenton  limestones  frmn  Manjland. 


N<\ 

Silica 

(8iO..,). 

Alumina 

(A1,0:,). 

Iron  oxide 

(FeaOs). 

Lime  car- 

txtnate 

(CttCOa). 

1 
MagufMium 
(mrbonatG 
(MgCOs). 

1 

4.7a 
4.31 
.22 
.10 
.20 
.50 
6.00 

1. 

40 

93.  57 
81.97 

97.  32 
96.79 
97.00 

98.  50 
90.70 
94.6 
86.0 
98.3 
99.5 
92.0 
92.3 
94.5 

0.30 

2 

.90 
0. 29             0.  ^ 

13.00 

;j                     

2.03 

4 

.16 

Tranp. 

2.86 

5 

.10 
.10 
.20 

2.50 

6 

.80 

7 

3.00 

8 

0.2 
7.2 
.6 
Trat»e. 

1.7 
.3 

5.2 

9 ...v 

6.8 

10 

1.1 

11 

.5 

12 

7.5 

13 

6.0 

14 

5.2 

.9 

90.4 

.7 

16 1 

1.2 

97.5 

1.3 

17 

2.2 

95.3 

2.5 

IS 

1 

1.5 

96.0 

2.5 

19 : 

.0 

99.9 

.1 

20 

1.2 

98.5 

.3 

21 

1.3 

96.2 

2.5 

22 ' 

1 

.2 

99.  3 

1 

.5 

1,  2.  Walkereville,  Frederick  CVjuniy.  H.  J.  Patterson,  analyst.  Twentieth  Ann.  Rept.  U.  S.  Geol. 
Sur\'ey,  pt.  (>,  jt.  401. 

3,  4.  Frederick,  Fre^lerick  County.    J.  O.  Hargrove,  analyst.    Ibid. 

6.  Beaver  Creek,  Washington  County.  J.  Higgin.9,  analy.st.  Thinl  Kept.  Maryland  Agrie.  Chemist, 
p.  135. 

6.  Willianwpf)rt,  Washington  County.    J.  Higgin.<(,  analyst.    Ibid. 

7.  Pleasant  Valley,  Washington  Coiinty.    J.  Higgins.  analyst.    Ibid. 

8.  9.  Frederick.  Frederick  County.    J.  Higgins,  analvi^t.    Fifth  Kept.  Maryland  Agric.  (chemist,  p.  78. 
10-12.  rnionvillo,  Frederick  County.    J.  Higgins.  analyst.    Il)id..  p.  80. 

13-16.  W<Kid8boro,  Frederick  County.    J.  Higgln.H,  analyst.    Ibid.,  p.  77. 

16,  17.  Dollyhide  Creek,  Liljerty,  Frederick  County.    J.  Higgins,  analyst.    Ibid.,  p.  80. 

18-22.  Near  Liberty,  Fre<Ierick  County.    J.  Higgins,  analyst.    Ibid.,  p.  81. 


METAMORPHIC  TRENTON    LIMESTONKS. 


In  eastern  Maryland,  particularly  in  Carroll,  Baltimore,  and  Howard 
counties,  a  number  of  areas  of  highly  crystalline  limastones  or  "mar- 
bles" occur.  It  seems  probable  that  many  of  these  crystalline  lime- 
stones are  of  the  same  age  as  the  Cambro-Ordoviciaii  limestones  farther 
west,  having  merely  assumed  a  crystalline  condition  as  the  result  of 
l>eing  subjected  to  pressure  and  heat. 

In  composition  these  crystjillinc^  marbles  vary,  just  as  do  the  unmet- 
amorpbosed  Cambro-Ordovician  limestones.     The  Coi'keysville  marble, 
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for  example,  is  highly  magnesian,  while  the  stone  from  Texas  and 
other  localities  is  just  as  low  in  magnesia  as  the  best  of  the  Trenton 
limestones. 

Analyses  of  inetamorphic  (  Trenton  f)  limeiftones  from  Maryland. 


Silica  (SiO,) 0.60 

Alumina  ( AlgOg) Trace. 

Iron  oxide  (FcjOj) Trace. 

Lime  carbonate  (CJaCX),) '  98.53 

Magnesium  carbonate  (MgCOj) .87 


L3.60 

5.15 

77.82 
3.19 


1.  TexAS,  Baltimore  Coanty.    J.  Higgins,  analyst.    Third  Tiept.  Maryland  Agric.  Chemist,  p.  77. 

2.  Highlands,  Howard  County.    H.   J.   Patterson,  analyst.    Eighteenth  Ann.   Rept.  U.  8.  Qeol. 
Survey,  pt.  5,  p.  1059. 


ADJACENT  CLAY8   AND   SHALES. 


In  case  a  Portland-cement  plant  is  projected  to  utilize  the  more 
clayey  types  of  the  Trenton  limestone — material  like  the  Lehigh 
cement  rock,  for  example — a  small  amount  of  pure  limestone  will  be 
needed  for  mixture  with  this  clayey  limestone  in  order  to  bring  it  up 
to  the  proper  composition  for  a  Portland-cement  mixture.  In  this 
case  the  requisite  pure  limestone  can  readily  be  secured  from  the  lower 
portion  of  the  Trenton  limestone  itself,  this  lower  portion  being  usually 
a  rock  carrying  from  93  to  98  per  cent  of  lime  carbonate. 

The  following  analyses  are  of  surface  clays  from  near  Williamsport, 
Washington  County,  used  by  the  Conocheague  Brick  Company. 

Analyses  of  surface  vhiysfrom  Maryland. 
[H.  Ries,  analyst.] 


Silica  (SiO,) 67.50 

Alumina  (AlA) 17.20 

Iron  oxide  (FeA) \  6.70 

Lime  (CaO) 45 

Magnesia  (MgO) '  .33 

AlkalieH  (KANa,0) 1.76 

Coinbin(»d  water ,  5.  IK) 

Moisture .20 


n.  d. 

61.30 

n.  d. 

22.30 

n.  d. 

3.80 

0.22 

.70 

n.  d. 

.86 

u.  d. 

2.10 

n.  d. 

8.00 

n.  d. 

1.  Dark-red  clay. 

2.  Light-red  clay. 

3.  I^ight-nfray  day. 

H.  RiejJ,  analyst:  Md.  (leol.  Survey,  vol.  4,  p.  473. 
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If,  on  the  other  hand,  the  purer  beds  of  the  Trenton  limestone  are 
intended  to  furnish  the  principal  ingredient,  a  ehiy  or  shale  will  be 
reijuired  for  mixture  with  it.  Surface  da^'s  of  fair  quality  occur 
throughout  the  area  underlain  by  the  Trenton  limestones,  and  .«ome 
of  them  will  probably  be  found  available  for  use.  In  addition,  the 
shales  and  slates  of  the  Hudson  formation,  which  borders  the  lime- 
stone belts,  will  be  serviceable.  The  composition  of  some  of  these 
Hudson  shales  in  Pennsylvania  and  Virginia  is  given  in  tables  on 
pages  288  and  322. 

IIELDERBERG    LIMESTONE  AND  AlWACENT  CLAYS. 

DIOTRIBrXIOX. 

The  Helderberg  or  Lewistown  limestone  outcrops  in  Maryland  in  a 
number  of  different  belts.  Most  of  these  are  in  the  west-central  por- 
tion of  Allegany  County,  While  seveml  occur  in  western  Washington 
County.  The  Lewistown  limestone  occurs  only  in  these  two  counties. 
Its  distribution  in  Allegany  County  is  described  as  follows,  by  Mr.  C. 
C.  O'Harra,  in  the  report  on  the  geology  of  that  county  published  by 
the  Maryland  Geological  Survey: 

The  eafitemmo8t  and  largest  area,  shaped  like  a  much  constricted  letter  W,  lies 
to  the  eastf  west,  and  south  of  Tussey  Mountain,  and  by  its  prominent  double  bifur- 
cation makes  up  a  large  part  of  Warrior  Mountain  and  Martin  Mountain.  On  the 
State  line  east  of  Tussey  Mountain  the  Helderberg  belt  is  less  than  one-half  mile 
wide,  while  the  width  of  the  corresponding  outcrop  on  the  western  side  is  consider- 
ably greater.  Southward,  owing  to  the  pitching  of  the  Tussey  Mountain  anticline, 
these  bands  gradually  approach  each  other  until,  at  a  point  near  Rush,  the  two 
coalesce.  Within  less  than  1  mile  southward  the  area  again  becomes  bifurcated,  but 
this  time,  owing  to  the  synclinal  nature  of  the  fold,  the  projecting  parts  are  separated 
by  the  Oriskany  formation,  which  immediately  follows  the  Helderberg.  Of  the  two 
southern  Helderberg  projections,  the  one  farthest  east  is  the  more  extensive,  and 
includes  wuthin  it  Flakes  Knob,  the  highest  point  in  the  county  east  of  the  Alle- 
gany Front.  This  part  of  the  area  narn)ws  southward,  but  caps  Warrior  Mountain 
to  within  almost  a  mile  of  where  the  mountain  ceases  to  be  a  distinct  topographic 
feature.  The  projection  lying  farther  west  is  much  narrower  than  the  one  to  the 
east,  but  continues  almost  as  far  south  and  acts  as  a  capping  for  Collier  Mountain. 

The  next  area  of  Helderberg  lies  farther  west  and  flanks  the  outcrop  of  8alina 
around  Evitts  Mountain  in  much  the  same  way  that  the  first  area  does  the  Salina 
around  Tussey  Mountain.  The  bifurcation  at  the  north  caused  by  the  Evitts  Moun- 
tain anticline  is  quite  like  that  produced  by  the  Tussey  Mountain  anticline.  The 
formation  continues  southward  in  one  long,  continually  narrowing  band  to 
within  1^  miles  of  the  Potomac,  where  the  Helderl)erg  ending  in  a  sliarp 
point  passes  beneath  the  Oriskany  to  appear  again  at  the  roadside  by  the  canal 
where  the  Potomac  has  cut  entirely  through  the  overlying  Oriskany  and  into  the 
Helderberg  for  a  distance  of  fully  a  hundred  feet.  The  eastern  part  of  this  area 
forms  much  of  the  crest  and  western  8loi)e  of  Nicholas  Monntain,  while  the  contact 
line  along  the  western  side  is  clearly  marked  by  a  row  of  hills  extending  from  the 
State  line  southward.  This  n)w  of  hills  reaches  almost  as  far  south  as  does  the 
Helderbei^  outcrop,  but  finally  coalesces  with  Nicholas  Mountain. 

East  of  Wills  Moimtain  a  l>elt  of  Helderl)erg  averaging  less  than  one-half  mile  in 
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width  comes  into  the  county  from  the  north,  and,  extending  southward  along  the 
wefiteni  Hloi>e  of  Sh river  Kidge,  |>a8se8  through  tht»  western  part  of  Cumberland  and 
acroHH  the  Potomac  into  West  Virginia.  The  Potomac  in  its  very  i>erceptihle  east- 
warti  bend  nearly  3  miles  alyove  Cuml)erland,  and  again  in  the  more  prominent 
eastward  l)end  alx)ut  6  nnles  alx)ve  Cumberland,  lias  carve<1  out  two  small  portions 
of  this  l)elt  from  the  West  Virginia  area.  These  patches  are  mostly  concealed,  but 
their  contact  with  the  Salina  is  fairly  well  shown.  Northwanl  the  Helderbei^- 
Salina  contact  is  largely  concealed,  but  the  limestone  quarries  which  oCi  ur  in  the 
lower  part  of  the  HelderV)erg  along  the  western  l>aHt»  of  Shriver  Ri<lge  afford  a  con- 
venient means  of  judging  the  approximate  western  outcrop  of  the  Helderbeig. 
Shriver  Ridge  marks  the  eastern  limit,  &<  the  contract  lies  on  its  western  slope  a 
short  distance  })elow  the  top. 

West  of  Wills  Mountain  there  is  a  band  of  f  lelderberg  corresponding  in  position 
to  the  eastern  })elt,  but  by  reason  of  the  iH?q>endicular  attitude  of  the  strata  this  belt 
is  considerably  narrower  than  the  one  on  the  eiu^tem  side.  Following  chjsely  the 
general  dirc^ctiou  of  Wills  Mountain,  it  crosses  the  Potomac  River  at  Potomac  station. 
Along  the  l)elt  north  of  the  National  Road  the  Helderl)erg-Salina  ct)ntact  is  usually 
not  well  shown,  but  the  Helderberg-Oriskany  contact  is  prominent,  the  latter  being 
repre«ente<l  by  the  steep  ridges  to  the  north  and  south  of  CorriganWlle.  South  of 
the  National  Road  neither  contact  is  well  shown,  although  slight  topographic  features 
usually  indicate  their  jKJsitions  with  reasonable  accuracy. 

Another  Helderberg  area  of  considerable  extent  is  exposed  south  of  Rawlings. 
This  forms  the  Ixxly  of  the  ste(»p  isolate<l  ri<lge  known  as  Fort  Hill,  which  extemls 
southward  along  the  Potomac  for  a  distance  of  alxnit  4  miles. 

In  addition  to  the  above-mentioned  areas,  two  very  slight  exiK)8ures  may  be  seen 
along  the  West  Virginia  Central  Railroad,  on  the  north  iui<l  south  sides  of  Monster 
R<x*k,  near  Keyser,  W.  Va.  They  are  of  little  importance,  except  in  so  far  as  they 
are  of  value  in  helping  to  work  out  the  structure  in  that  part  of  the  county. 

In  addition  to  the  art»iis  above  descri])ed  as  occurrincr  in  the  western 
and  contra]  parts  of  Alle^my  ( -ounty,  four  narrow  bolts  of  the  Helder- 
berjj  limestone  Qutcrop  in  the  western  portion  of  \Vashinjift<)n  County, 
their  location  being  shown  on  the  map  (PI.  XV,  ]).  814).  The  best 
exposunvs  of  these  limestones  in  the  county,  so  far  as  location  is  eon- 
ceriHHl,  are  those  ncMir  Hancock,  on  Potomac  River. 

DFX'RNTION    AND    STIIATKJRAIMIIC    POSITION. 

The  stratifjraphy  of  the  Lewistown  limestone  is  thus  described  by 
Mr.  O'llarra  in  the  report  previously  cited: 

Lithologically,  th<'  lleldcrlMTjr  is  j)rtHMnincntly  a  limestone  formation.  Ana:illace- 
ous  materials  occur  as  impuriticH  in  some  of  the  IkmIh,  Imt  these  art*  not  im)>ortant, 
and  san(lst(mc»s  are  almost  wholly  lacking.  Thin  }>aii<ls  of  ehert,  which  art*  white  or 
yellowish-white  in  color,  occur  sparingly  throughout  the  ui>|H*r  })art  of  the  ft)rniation. 
Most  of  the  limestone  in  the  upper  part  is  heiivily  he<i(le<l,  ami  much  of  it  is  highly 
fossil iferous.  The  lower  part  of  the  Helderberg  is  a  dark-blue  thiii-lH3<ldetl  linu^tone, 
whirh  in  breaking  gives  a  deci<le<l  ring.  This  corresponds  to  the  Tentacnlite  lime- 
stone of  New  York,  which  in  Maryland  is  over  400  feet  thick.  In  the  field  the  con- 
tact lK*twiien  the  Salina  an<i  the  Tentaculite  limestone  is  very  marktMl  because  of  the 
different  weathering  qualities  of  the  two  rocks.  The  Salina  rock  weathers  into  soil 
very  completely,  while  the  Tentaculite  limestone  leaves  innumerable  small,  thin, 
dark-blue  sla))s  ui>on  tlu»  surfa<'e. 

The  thickness  of  the  formation  is  nearly  SOO  fiH't.     The  two  partial  sections  given 
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below  are  believe<l  to  represent  the  full  thickness  as  well  as  a  duplication  of  Bonie  of 
the  middle  be<l8  as  indicated.  The  Potomac  section  extends  from  the  l)ottom  of  the 
formation  to  and  includes  a  few  inches  of  the  coralline  ledge.  The  3(>-foot  massive 
Stromatopora  l)eil  of  the  Devils  Backbone  section  is  believed  to  come  in  immediately 
above  this,  the  other  l^eds  of  the  section  continuing  upward  in  the  order  named  to 
the  top  of  the  formation. 

The  Devils  Backbone  section,  measurecl  along  the  Huntingdon  and   Broadt^)p 
Railroad  east  of  Wills  Creek,  is  as  follows: 

Dei*ih  Backlione  flection. 

Feet 
Helderberg-Oriskany  contact 

Conceale<l 42 

Light-gray  fossiliferous  limestone,  with  numerous  layers;  a  very  light  colored 

chert 22 

Light-gray  massive  fossiliferous  limestone;  breaks  into  rectangular  blocks 16 

Rhaly  limestone IJ 

Bluish-gray  limestone,  breaking  into  shaly  fragments;  weathering  indicates 

much  argillaceous  material 18 

Massive  Stromatapora  be<l8 36 

Shaly  limestone,  somewhat  nodular 10 

Light-gray  massive  limestone,   with  upper  part  containing   layers  of  light 

colored  chert 45 

Thin-bedded  limestone;  the  weatherwl  surface  covereil  with  small  bryozoans:  16 
Dark-blue  massive  limestone,  very  hard  and  difficult  to  break;  upper  part 

filled  with  Paxtamerua  galealuB 36 

Fine,  shaly  fossiliferous  limestone 16 

Massive,  dark -blue  fossiliferous  limestone 40 

Slightly  argillaceous,  thin  lK?dded,  fossiliferous  limestone 14 

Gray,  arenaceous  fossiliferous  limestone,  with  layers  of  cherty  material 16 

Conceale<l  to  l)ottom  of  formation. 

Total  thickness  of  exfiosure  at  this  place 328J 

The  measurements  made  at  Potomac  sbition  are  as  follows: 

Section  at  Potomac  station^  Md. 

Feet. 
Tpper  be<ls  conceale<l;  very  massive  light  gray  limestone,  with  a  few  ftn^t  of 

nodular  limestone  near  the  top;  coralline  layer  near  the  top 95 

Mostly  con(!ealed,  but  sufficiently  exjmsed  to  show  that  the  IxhIs  are  generally 

made  up  of  thin  grayish  limestones;  some  massive  l)eds  are  present 240 

Generally  thin-bedded,  dark-blue  limestone,  but  with  some  heavy   be<l>; 

fossiliferous 148 

Thinly  b^ide<l,  <lark-blue  fossiliferous  limestones,  with    occasional    |)ai)ery 

shales 92 

Ilelderbcrg-Salina  contact. 

Total  thickness  of  exposed  Helderberg 575 

COMPOSITION. 

No  analyses  of  Helderberg  limestones  from  Maryland  localities  have 
teen  published;  but,  to  jud^efrom  its  composition  in  Pennsylvania  and 
Virginia,  it  will  be  everywhere  found  to  contain  thick  beds  of  nonmap- 
nesian  limestone  suitable  for  use  as  a  Portland-cement  material.  A 
number  of  analyses  of  this  lim(\stone  from  Pennsylvania  and  Virginia 
localities  will  te  found  on  pages  281  and  324. 
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GREENBRIER   LIMESTONE   AND   ADJACENT   SHALES. 

DISTRIBI'TION. 

As  shown  on  PI.  XV,  the  Greenbrier  outcrops  only  in  Allegany  and 
Garrett  e>ounties.  A  single  belt  passes  through  the  western  part  of 
Allegany,  running  about  S.  30^  W.,  and  crossing  the  Potomac  River 
at  a  point  about  midway  between  Westernport,  Md.,  and  Keyser, 
W.  Va. 

In  Grarrett  County  the  Greenbrier  is  better  shown,  appearing  in  a 
number  of  belts  or  areas.  As  described  in  the  report  on  Garrett 
County,  published  hy  the  Maryland  geological  survey,  the  six  belts 
occurring  in  Garrett  County  are  distributed  as  follows: 

The  most  easterly  of  these  areas  is  situated  parallel  to  and  about  one-half  mile 
west  of  the  crest  of  Savage  and  Backbone  mountains.  It  enters  the  county  from 
Pennsylvania  one-half  mile  west  of  the  northeast  corner  of  the  county,  and  extends 
in  a  southwesterly  direction  to  the  West  Virginia  line,  1  mile  north  of  Potomac 
stone.  This  belt  is  about  45  miles  long  and  from  one- fourth  to  one-half  mile  wide. 
It  occupies  a  valley  between  the  Pottsville  (Savage  Mountain)  and  the  Pocono  (Little 
Savage  Mountain)  ridges.  This  valley  is  drained  at  the  north  by  the  headwaters  of 
Laurel  Run  and  Savage  River,  and  farther  south  by  Little  Savage  River,  Swamp 
Run,  and  Pine  Swamp  Run.  Along  the  northern  end  of  Backbone  Mountain  the 
line  of  outcrop  is  for  a  large  part  of  the  way  up  on  the  mountain  side,  but  farther 
south  it  occupies  a  series  of  valleys  like  those  along  Savage  Mountain;  but  less 
pronounced. 

The  second  Garrett  County  area  extends  along  the  eastern  side  of  Meadow  Moun- 
tain in  the  valleys  of  Red  Run  and  Meadow  Creek  Run  as  far  as  the  confluence  of 
the  latter  with  Deep  Creek,  near  Thayerville.  Thence  it  extends  in  the  same  south- 
westerly direction,  in  a  similar  series  of  valleys  between  Hoop  Pole  Ridge  and  the 
ridge  of  Pottsville  rocks  to  the  west  of  it,  to  the  West  Virginia  line  at  a  point  about 
7  miles  southwest  of  Oakland.  This  series  of  valleys  is  drained  by  branches  of  Deep 
Creek  and  of  Miller  Run  and  by  White  Meadow  Run  and  Rhine  Creek.  The  lime- 
stone belt  is  about  37  miles  long  and  from  one-eighth  to  one-half  mile  in  width. 

The  third  belt  extends  from  a  point  near  Thayerville  on  the  one  last  described 
down  the  valley  of  Deep  Creek  to  the  mouth  of  Marsh  Run,  thence  up  the  valley  of 
Marsh  Run  to  McHenry,  thence  in  a  westerly  direction  for  1  mile,  where  it  bifurcates. 
One  prong  extends  down  the  valley  of  Hoyes  Run  for  about  1  mile,  and  then  disap- 
pears under  overlying  formations.  The  other  prong  extends  in  a  northwesterly 
direction  through  a  valley  to  Sang  Run.  From  here  it  extends  down  the  Youghio- 
gheny  River  to  points  1 J  miles  north  and  2i  miles  south  of  Sang  Run,  where  it  dips 
under  the  overlying  formation. 

The  fourth  area  extends  from  a  point  on  the  one  last  described  at  McHenry  in  a 
north-northeasterly  direction  in  the  valley  parallel  to  and  about  one-half  mile  west 
of  Negro  Mountain  as  far  as  across  the  Pennsylvania  line.  This  belt  is  about  15 
miles  long  and  one-efghth  of  a  mile  wide. 

The  fifth  belt  extends  from  a  point  on  the  third  one,  about  1  mile  east  of  Sang  Run, 
in  a  northerly  and  northeasterly  direction,  crossing  the  Pennsylvania  line  at  Oakton. 
It  occupies  a  sinuous  line  of  valleys  parallel  to  and  about  one-half  mile  east  of  the 
crest  of  Winding  Ridge.  The  belt  is  about  13  miles  long  and  one-eighth  of  a  mile 
wide. 

The  sixth  area  enters  the  county  from  West  Virginia  near  Cranesville,  and  extentla 
south  along  the  valley  occupie<l  by  Pine  Swamp  and  Muddy  Creek  as  far  as  Brown- 
ing Mill,  and  thence  up  the  valley  lying  west  of  Snaggy  Mountain  for  about  4  miles. 
Here  it  extends  across  the  line  into  West  Virginia. 
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DESCKIITION. 

The  Green))rier  formation,  whero  l)(\st  developed  in  Mar^^land,  con- 
sists of  three  distinct  rneniters.  The  lowest  is  a  series  of  limestones, 
usuall}'^  siliceous  near  the  base,  and  varying  from  27  to  46  feet  in  thick- 
ness. The  middle  member  consists  largely  of  shales,  thin  sandstones, 
etc.,  and  varies  from  88  to  98  feet  in  thickness.  The  upper  member 
ronsists  almost  entirely  of  very  pure  limestones,  and  is  from  (15  to  85 
feet  thick. 

The  section  below,  quoted  from  the  (xarrett  County  report  of  the 
Maryland  (xeologicjil  Survey,  will  serve  to  illustrate  the  characters  of 
the  various  members  of  the  Greenbrier  formation. 

Section  of  Greenfmer formation  at  Crabtreef  Garrett  County. 

Upper  member:  Feet. 

Argillaceous  limestone 4J 

Massive  sandy  limestone 13 

Red  sandy  limestone 2 

Gray  limestone 3 

Red  calcareouH  shale 3J 

Red  sandy  limestone 8 

Gray  sandy  limestone  with  red  bands 21 

Gray  limestone 10 

65 

Middle  member: 

Red  shale,  with  thin  l)and8  of  jjray  sandstone ^ 80 

Pure  white  sandntone 8 

88 

Lower  meml>er: 

Gray  limestone 27 

COMPOSITION. 

The  upper  member  of  the  CSrreenbrier  formation  consists  very  largely 
of  thick  beds  of  pure  limestone.  These  limestones  have  been  very 
extensively  used  for  flux  and  for  lime  burning,  and  their  range  in 
composition  is  fairly  well  established. 

The  series  of  analy.ses  given  below  is  representative  of  these  upper 
limestones.  They  are  common!}'  very  low  in  magnesium  carbonate, 
though  occasional  beds  will  show  a  prohibitive  percentage  of  that 
ingredient.  In  places  they  carry  suflicient  silica,  alumina,  and  iron 
oxide  to  approximate  to  the  composition  of  the  Lehigh  cement  rock, 
but  usually  it  will  be  necessary  to  add  a  considerable  proportion  of 
clay  or  shale  in  order  to  bring  the  mixture  up  to  correct  composition 
for  Portland  cement. 
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Analyses  of  Greetihrier  limestone  frotii  Maryland/* 


3 


o 


:}5.44 


Silica  (SiO,) 13.6513.46]  8.57|20.9517.00 

Alumina  (  AI^Or) 

Iron  oxide  (FejOji) 

Lime  carbonate  (CaCOs).  JtO.  16 

Magnenum     carbonate  , 
(MjrOO,) '  1.21 


12.48   2.3841.10  2.74 

I  '  ' 

72. 9288.7387.  35 (H.  12 


1.15 


.86,     .  91(15.75 


6 

7 

3.65 

8 

1 

9           10 

1 

4:47 

11.52 

5.11    5.24 

1 

1 

2.  70  8.  44 

1 

3.37 

2.561  1.98 

86.  73  85.  87 

1 

74.48 

1 
89. 08  84. 58 

6.38   1.3010.99 

3.17'  7.49 

1.  Gcrringer  end  Inglehart's  quarry,  Garrett  County. 

2.  Offutt's  quarry,  Garrett  County. 

3.  Crabtree,  Garrett  County. 

4.  South  of  Negro  Mountain,  Garrett  County. 

5.  OfTutf  8  quarry,  Barrett  County. 

6.  Findley's  Quarry,  Piney  Run,  Garrett  County. 
7-9.  Mouth  oi  Stony  Run,  Allegany  County. 

10.  Barrelville,  Allt^any  County. 


AD.IACENT  SHALES. 


The  following  analyses*  of  Carboniferous  shales  from  near  Corinth, 
Garrett  County,  will  serve  to  illustrate  their  range  of  composition. 
It  will  be  seen  that  they  often  carry  high  percentages  of  iron  oxide 

silica 

and  that  the  ratio  -i  —  - — -r- •  r   mrely  rises  much  abov^e  2.5 

alununa  +  iron  oxide  -^ 

and  often  falls  }>elow  2. 

Annlysvii  of  Carhoniferrnut  shales  from  near  Corinth^  Md, 


Silica  (SiO,) ,  56.42 

Alumina  {A\.,i\) !  20.  94 

Iron  oxide  ( Ve^(\) |  10. 60 

Lime  (CaO) iTrace. 

Magnesia  (MgO)    '     1.32 

Alkalis  (K,0,  Na/)) | 

Water I     7.30 


69.  51 

22.27 

.80 

Trace. 

Trace. 

Trace. 


3 


62.98'  51.53'  53.49J  56.  36|  61.70;  56.32 
18. 54!  22. 6O'  22.83!  24.181  22.24'  23.00 


5.  70, 
2.44' 


6.80. 
5.40' 


.97,     1.87, 


6.90|  6.40,  5.60 
2.911  .50lTrace. 
1.84       .82     1.44 


7.45     8.85   11.77     9.44     7.50 


5.80 

1.47 

.79 


6.50!  11.08 


1 .  Red  clay  ( bot  t om ) . 

2.  Fire  clay  or  flint. 

3.  Buff  clay. 

4.  Bottom  blue  clay. 


5.  Top  blue  clay. 

6.  Cistern. 

7.  Railroad  clay. 

H.  Black  shale,  coal  mine. 


"Those  analvNCs  are  taken  from  the  report  by  the  Maryland  geological  survey  on  "Garrett 
County."  pp.  221-222.    All  the  analyses  were  made  by  T.  M.  rrice. 
ft  Geology  of  Garrett  County,  Maryland  Geol.  Survey,  p.  219. 
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POKTL.AXI>-CE»rENT  RESOURC*!S  OF  3IASSACIlU8>rrTS. 

In  the  western  part  of  Massachusetts  extensive  quarries  are  operated 
for  both  marble  and  lime.  The  stone  quarried  in  this  area  is  a  highly 
crystalline  limestone,  or  marble,  of  Cambro-Ordovielan  age.  At  many 
point«  this  stone  is  highly  magnesian,  but  the  quarries  located  in  the 
northwestern  portion  of  the  State,  in  Berkshire  County,  seem  to  pro- 
duce almost  exclusively  a  low-magnesia  rock.  The  analyses  given 
below  are  fairly  representative  of  this  product. 

Unfortunately  for  the  prospects  of  a  Portland-cement  industr}'  in 
the  State  no  shales  occur  near  these  limestones,  while  the  glacial  clays 
usuall}-  contain  too  much  sand  and  pebbles  to  be  worth  considering  as 
cement  materials.  This  fact,  taken  in  connection  with  the  cost  of  fuel 
in  this  district,  renders  it  improbable  that  Massachusetts  will  become 
a  successful  cement  producer. 

Analifi*eH  of  limefitfynei^  from  MaMMtrhnstits. 


1. 


8. 


4. 


Silica  (SiO,) 0.69 

Alumina  ( AljO,) 

Iron  oxide  ( FcjOj) 

Lime  carbonate  (CaCOs) 93.86 

Mafrneeiam  i*arbonate  ( MgCOj) 5.  .'W 


II      .06 


—  - 

— 

0.  81 

n.  d. 

.23 

n.  d. 

98.  80 

99.03 

.37 

.27 

0.63 

.55 

99.60 
.49 


1.  North  AdamR  Marble  (Company,  North  Adams,  Berkshire  County.    W.  P.  Mason,  analyst.    Twen- 
tieth Ann.  Rent.  U.  S.  GtH>l.  Survey,  pt.  6,  p.  1W>. 

2.  Cheshire  Manufacturing  Company,  ('heshire,  Berkshire  County.    Davenport  &  Williams,  analvste. 
Ibid.,  p.  410. 

3.  C.  11.  HaxtinKs's  quarry.  West  Stwk bridge,  Berkshire  County.     J.  B.  Britlon,  analyst.    Ibid., 
p.  411. 

4.  Adams  Marble  Company,  Renfrew,  Berkshire  County.    E.  K.  Oleott,  analyst.    Ibid.,  p.  410. 

PORTL.ANI>-CEMENT  RKSOUUCK8  OF  MICIIIGAX. 

PORTLAND-CEMENT  MATERIALS. 

Michigan  now  ranks  third  a.s  a  Portland-cement  producer,  being  led 
only  by  Peniis}  Ivania  and  New  Jersey,  but  closel}^  followed  by  New 
York.  This  high  standing  as  a  producer  is  due  to  the  product  of  a 
number  of  cement  plants,  most  of  them  using  a  mixture  of  marl  and 
clay,  but  a  few  utilizing  pure  limestone  with  clay  or  shale. 

The  description  of  the  cement  resources  and  cement  industry  of 
Michigan,  given  in  the  following  pages,  is  somewhat  abridged  from  a 
report  by  Prof.  I.  C.  Russell  on  The  Portland  Cement  Industry  in 
Michigan^  published  in  the  Twenty-second  Annual  Report  of  the 
United  States  Geological  Survey,  part  8,  pages  629-()8r).  Reports  on 
the  cement  materials  of  the  State  have  also  ap}>eared  in  volume  iS  of 
the  Michigan  Geological  Survey. 
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LIMESTONES. 

Of  the  various  limestone  formations  that  outcrop  in  different  parts 
of  Michigan  three  have  been  utilized  in  the  manufacture  of  Portland 
cement,  while  another  formation  yields  limestones  which  have  not  so 
far  been  utilized,  though  low  in  magnesia  and  otherwise  satisfactory 
as  cement  materials.  The  four  limestone  groups  above  uoced  will  be 
described  separately. 

DUNDEE  LIMESTONE. 

This  formation  occurs  at  the  base  of  the  Devonian  system,  and, 
although  usually  concealed  beneath  glacial  drift  and  surficial  deposits, 
comes  to  the  surface,  as  is  indicated  on  the  map  (PI.  VII),  in  a  belt 
from  about  2  to  9  miles  wide,  trending  northeast  and  southwest  across 
Wayne,  Monroe,  and  Lenawee  counties,  in  the  southeastern  corner  of 
the  State.  The  same  formation  occurs  also  at  the  extreme  -northern 
end  of  the  southern  peninsula  and  on  Mackinac  and  neighboring 
islands,  as  well  as  in  the  adjacent  portion  of  the  northern  peninsula. 
The  purest  layer  of  limestone  in  the  Dundee  thus  far  discovered  is 
extensively  quarried  at  Sibley  and  Bollevue,  near  Trenton,  in  Wayne 
County,  and  is  used  in  the  manufacture  of  sodium  bicarbonate,  soda 
ash,  and  caustic  soda  near  Detroit.  The  finely  powdered  calcium  car- 
bonate, resulting  as  a  by-product  from  the  manufacture  of  caustic 
soda,  is  used  by  the  Michigan  Alkali  Company  for  making  Portland 
cement  at  Wyandotte.  This  same  limestone,  on  account  of  its  unusual 
purity,  is  also  extensively  used  in  the  manufacture  of  beet  sugar. 

The  Dundee  formation  contains  several  beds  of  limestone,  most 
of  which,  however,  carry  too  high  a  percentage  of  magnesia  to  per- 
mit their  use  in  making  Portland  cement  under  the  standard  now 
required  in  the  composition  of  the  finished  product.  Thus  far  onK' 
one  layer,  the  celebrated  9-foot  bed,  best  exposed  at  the  Sibley  quar- 
ries, described  below,  has  been  found  suflSciently  pure  to  be  utilized 
in  the  industries  mentioned  above.  The  composition  of  the  rock 
quarried  at  Bellevue  and  used  by  the  Michigan  Alkali  Company  at 
Wvandotte,  is  as  follows: 


yj 


inalysis  of  a  limeM(mr  of  the  Ihmdee  formatUm  nl  lieUe^me, 


[Analyst,  O.  Button.] 

Silica  (SiO,) 0.60 

Ironoxide(FejOs)l  „  ^^ 

Alumina    ( AljOg)/ 

Calcium  carl)onate  (CaCOs) 95.  24 

Magnesium  carlx)nate  ( MgOO, ) 1. 00 

Total 99.88 
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Russell  describcH  this  limestone  as  follows: 

The  limeetone  of  the  Dundee  formation  in  albo  (juarried  2  miles  northeast  of 
Dundee,  Monroe  County,  where  four  layers  of  limestone  are  exposed,  the  composi- 
tion of  which  is  shown  below: 

AnalyaeJi  of  Dundee  limestone  from  the  **  Christiancy  quarry^^^  near  Ihindee.^ 
[AnalyHes  1,  3,  6,  and  6  by  G.  A.  Kirschincier,  and  analyses  2  and  1  by  K.  J.  SundHtrom.] 


Silica  (SiO,) 

Lime  carlx»nate  (CaCO.,) 

Magnesium  carbonate  (MjK^Og) 

Iron  oxide  ( Fe^O,) 

Alumina  ( AljOj) 

Sulphur  (S) 

Oi^nic  matter 

Difference 


Total 


Number  of  analysis  and  desif^natlon  of  bed. 


1(A). 


0.48 

H).80 

6.87 

.16 


1.69 
.00 

100.00 


2(A). 

8(B). 

4(B). 

6(0. 

0(D). 

0.70 

1.10 

1.86 

2.78 

0.81 

98.10 

86.80 

86.96 

77.60 

95.00 

.63 

11.60 

10.08 

17.41 

3.  86 

••••••• 

.12 

1  .62 
1.23 

r   .56 

.41 

.055 

1.63 
.02 

100.00 

.515 

.38 
100. 00 

.357 

.08 

100.00 

100.00 

100.00 

Bed  A  Js  uppermost;  a  grav  limestone  1  to  2  feet  thick,  fos^rfliferons. 

Bed  B  is  a  compact  brownish  lima«4tone,  bituminous,  4  to  A\  ftn't  thick,  fosslllferous. 

Bed  C  is  a  soft,  dark-grray  limestone,  without  seams,  7  to  8  feet  thick. 

Bed  D  Is  similar  to  bed  C,  8  feet  thick;  bottom  of  quarry. 

The  rocks  exposed  in  the  quarry  near  Dundee  are  cousidered  by  Sherzer  as  the 
identical  layers  that  are  extensively  quarried  near  Trenton.  When  sufficiently  low 
in  magnesia  the  l^eds  are  evidently  favorable  for  use  in  making  Portland  cement, 
the  only  questionable  features  seeming  to  l)e  the  expense  of  quarrying  and  crushing. 
C^ertain  of  the  layers  at  Dundee  contain  i)etroleum,  the  influence  of  which  on.  the 
mixing  of  slurry  is  not  known. 

The  following  notes  concerning  the  Sibley  quarry  at  Trenton,  V/ayne  County,  have 
lK*en  kindly  furnished  by  Mr.  Frank  Leverett. 

The  quarry  occupies  an  area  of  35  acres.  The  rocks  dip  westward  at  the  rate  of 
about  5  feet  in  1(X).  There  is  a  low  anticlinal  arch  trending  approximately  east  and 
west,  which  passes  through  the  midst  of  the  excavation,  from  the  crest  of  which  the 
l>eds  dip  away  at  the  rate  of  about  1  foot  in  100.  The  strata  are  cut  by  two  systems 
of  joints,  bearing  about  N.  20°  E.  and  N.  60°  E.  The  quarry  is  situated  in  an  irreg- 
ular hill  which  rises  about  30  feet  above  the  level  of  the  adjacent  portion  of  Detroit 
River.  On  the  higher  portions  of  the  hill  there  is  no  covering  of  drift,  but  on  the 
sides  the  solid  rock  is  concealed  beneath  several  feet  of  till.  Where  the  glacial 
deposits  have  been  removed,  the  surface  of  the  rock  beneath  is  intensely  glaciated. 
There  are  two  sets  of  glacial  grooves,  of  which  the  earlier  bears  about  S.  28°  W.  and 
the  later  approximately  N.  30°  W. 


<i  W.  H.  Sherzer,  Geological  rcF^ort  on  Monroe  County,  Michigan:  Geol.  Survey  Michigan,  Vol.  VII, 
pt.  1,  1900,  pp.  76-78, 177-178. 
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The  strata  expostnl  in  the  quarry  are  as  follows,  beginning  at  the  surface: 

Section  at  Sibley  (juarn/,  Wayne  County^  Mich. 


Feet. 


1 .  Thin-bedded  gray  limestone,  suitable  for  ns«e  as  a  flux 3. 5 

2.  "Upper  6-foot  bed,'*  agray  limestone,  (containing  96  per  centCaCOa;  u»ed  in 

alkali  works;  a  portion  of  the  lower  part  of  the  bed,  al>out  8  inches  in 
thickness,  is  now  rejected  on  account  of  its  containing  too  much  bitumi- 
nous matter 6 

3.  Fossiliferous  blue-gray  limestone,  containing  90  per  cent  CaCOs;  suitable 

for  use  in  alkali  works 3 

4.  ** Second  6-foot  bed,"  a  blue-gray  limestone,  containing  from  94  to  95  per 

cent  CaCOg;  useii  as  a  building  stone  and  in  alkali  works 6 

5.  "Five-foot  bed,"  very  similar  to  "Upper  6-foot  bed  " 5 

6.  ** Cherty  bed,"  a  cherty  limestone,  not  at  present  utilized 2 

7.  "Third  6-foot  bed,"  a  blue-gray  limestone,  with  a  little  chert  in  its  lower 

portion;  used  in  alkali  works  and  as  a  building  stone 6 

8.  "Nine-f(X)t  bed,"  a  fossiliferous  gray  limestone;  used  in  the  manufacture 

of  beet  sugar  and  suitable  for  making  Portland  cement 9 

9.  "The  6-foot  Magnesian  limestone,"  dove  colored 6 

10.  "The  8-foot  bed,"  a  thick-bedded  gray  limestone;  used  as  building  stone.      8 

11.  "The  10-foot  bed,"  a  gray  limestone,  of  w-hich  the  upper  3  feet  contains 

about  85  per  cent,  the  next  3  feet  95  per  cent,  and  the  lower  4  feet  al)out 
80  per  cent  CaCOs;  the  lower  portion  contains  from  3  to  4  per  cent  SiO,; 
the  middle  portion  of  the  }>ed  is  very  fossiliferous 10 

12.  Brownish  limestone,  containing  15  })er  cent  SiO„  .5  per  cent  MgO,  and  about 

85  per  cent  CaCOj;  this  rock  is  marked  with  white  spots,  thought  to  be 
aluminum  silicate;  used  as  building  stone;  opened  to  a  depth  of  about. .      4 


Total 


63.5 


Chemical  analyses  of  certain  of  the  beds  described  above  are  given  l^elow: 

Analyses  of  limestone  from  Sibley  quarries, 
[AnalvKt,  K.  J.  KuiulHtrom.] 


ConHtiliient. 


i      5.      '      6. 
South     North 
ptirt  of  i>Hrt  of 

I  quarry,  quarry. 


Calcium     carbonate  !  | 

(CaCOs) I  95.50|  99.26 

Magnesium   carbon-  '  I 

ate  (MgCOs) |    2.36|       .21 

Alumina  ( Al^) 30iTrace. 

Silica  (SiOj) 1.04'      .50 

Total 99.20,  99.97 


6. 


8.       '       «.       I       8. 

UpixT  iCeutral,  Lower 

part.    ,   part.    I   jwrt. 


10. 


n. 

Central 
part. 


93.  281  97. 33i  99.  OOl  95. 62   80. 04!  89. 05 


4.11 


1..84       .22     3. 15i  15.96     8.08 


.  40;Trace.  Trace.  iTrace. '    2.  70  Trace. 
1.90|       .64'       .54       .96*     1.02,     2.20 


99.  69,  99.  81    99.  76,  99.  73   99.  72  99.  S3 


95.0CJ 

4.00 

Trace. 

.56 


99.56 


TRAVERSE  (fROlP. 

Russell  describes  this  formation  as  follows: 

The  roc-kn  designateii  by  this  name  consist  principally  of  shale  and  limestone, 
occur  in  succession  next  al>ove  the  Dundee  formation,  and  l)elong  to  the  Devonian 
system.    They  form  a  belt,  about  2  miles  wide,  which  crosses  Wayne  and  Monroe 
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counties,  *  *  *  bat  are  there  concealed  beneath  surficial  deposits,  and  also 
form  a  broad  area  which  crosses  the  northern  end  of  the  Southern  Peninsula  from 
Alpena,  on  the  border  of  Lake  Huron,  to  Frankfort,  on  the  shore  of  Lake  Michigan. 
The  limestone  of  the  Traverse  group  comes  to  the  surface  at  Alpena  and  is  utilized 
by  the  Alpena  Portland  Cement  Ck)mpany.  In  the  quarry  where  it  is  w^ell  exposed 
it  is  a  light-colored  compact  rock,  carrying  corals  and  other  fossils.  Its  composition 
is  as  follows: 

Analyses  of  limestone  from  the  quarries  of  the  Alpena  Portland  Cement  Company ^  Alpena. 

[Analyst,  F.  H.  Haldeman.] 


CoDBtltuent. 


Silica  (SiO,) 

Calcium     carbonate 
(CaCO.) 

Magnesium     carbo- 
nate (MgCO,)  .... 

Iron  oxide  (Fe,0|) .. 

Alumina  (Al,Os) 


Total 


1 

t 

S 

4 

6 

6 

7 

8 

0.36 

L77 

0.33 

0.38 

1.38 

1.64 

1.46 

0.42 

96.91 

89.10 

98.37 

98.03 

96.35 

96.50 

96.92 

98.04 

3.63 

8.67 

.92 

L36 

.94 

1.26 

1.46 

.98 

1    .13 

.35 

.18 

.19 

1.21 

.27 

.54 

.18 

100.03 

99.89 

99.80 

99.96 

99.88 

99.67 

99.90 

99.72 

0.68 


98.03 


1.05 


.26 


1.  Quarry  C 

2.  Quarry  C 

3.  Quarry  C 

4.  Quarry  C 
6.  Quarry  C 

6.  Quarry  F 

7.  Quarry  F 

8.  Quarry  F 

9.  Quarry  F 
All  samples 


Shell  to  be  removed  on  stripping;  1  to  2  feet  thick. 
Top  stratum.  2  feet  thick. 
Second  stratum,  2  feet  thick. 
Third  stratum,  4  feet  thick. 
Fourth  stratum,  2  feet  thick. 
First  stratum,  2  feet  thick. 
Second  stratum,  1  foot  thick. 
Third  stratum,  2  feet  thick. 
Fourth  stratum,  floor  of  quarry, 
show  traces  of  sulphates  and  phosphates. 


The  favorable  results  in  the  manufacture  of  Portland  cement  obtained  from  the 
use  of  the  limestones  just  considered  will  no  doubt  stimulate  further  search  for 
favorably  situated  outcrops  of  the  same  formations,  in  which  the  accompanying  map, 
showing  where  they  may  be  expected  to  occur,  will  be  of  assistance. 


"  MICHIGAN  SERIES." 

Kussell  describes  the  Michigan  series  as  follows: 

Another  formation  containing  limestone,  present  in  southern  Michigan,  is  desig- 
nated as  the  •* Michigan  series"  on  the  map  [PI.  VII],  and  belongs  to  the  *  *  * 
Mississippian  *  *  *,  The  limestones  occur  principally  in  the  upper  portion  of 
the  system  and  outcrop  on  the  borders  of  the  coal-bearing  rocks  which  form  the 
surface.  They  are  in  great  part  concealed  by  glacial  drift  and  other  surficial  rocks 
over  an  extensive  area  in  the  central  part  of  the  southern  {)eninsula. 

The  limestone  of  the  Michigan  series  outcrops  at  Bay  port  and  Sebewaing,  in 
Huron  County,  on  the  east  side  of  Saginaw  Bay;  on  the  Charity  Islands;  at  Belle- 
vue,  in  the  southwestern  part  of  Eaton  County;  and  near  the  Portage  River,  about 
5  or  6  miles  north  of  Jackson.  Other  localities  where  it  is  accessible  no  doubt  occur. 
It  has  been  quarried  at  Bayport,  Bellevue,  and  near  Jackson,  and  calcined  to  make 
lime.  Its  composition,  as  indicated  by  the  following  analyses  (stated  as  published), 
is  such  as  to  make  it  suitable  for  use  in  the  manufacture  of  Portland  cement,  but  up 
to  the  present  time  it  has  not  been  utilized  for  this  purpose. 


BaU.243-<)5' 


■13 


194  CEMENT   MATERIALS    AND   INDUSTRY.  Ibdll.  243. 

Analysis  of  limestone  from  Bayport. 

[Analyst,  J.  W.  Langley.] 

Silica '. 3.330 

Oxide  of  iron  and  alumina 1. 334 

Carbonate  of  ma^esia 944 

Carbonate  of  lime 91. 538 

Phosphorus  and  sulphur Trace. 

Organic  matter  and  loss 2. 854 

100.000 
(Quicklune,  61.29.) 

Analysis  of  limestone  from  BeUevue, 

[Analyst,  Carl  Rominger.] 

Carbonate  of  lime 96. 00 

Carbonate  of  magnesia 1.00 

Hydrate  of  iron  oxide 50 

Insoluble  residue 1. 50 

99.00 
Analysis  of  limestone  from  Portage  River, 

[Analyst,  Carl  Rominger.] 

Carbonate  of  lime 96.90 

Carbonate  of  magnesia 1. 00 

Alumina  and  iron 70 

Insoluble  residue 1.40 

99.00 

The  limestone  of  the  "Michigan  series"  contains  layers  that  are  high  in  magnesia 
or  are  otherwise  unfavorable  for  cement  making,  but  in  spite  of  this  the  formation 
is  evidently  worthy  of  careful  attention  from  persons  interested  in  the  industry 
under  review  wherever  it  occurs  near  deposits  of  clay  or  shale  and  is  suitably 
situated  in  reference  to  transportation  facilities,  etc. 

All  of  the  limestones  referred  to  alxive  are  of  marine  origin  and  usually  contain 
fossils,  among  which  coral  is  frequently  conspicuous.  The  rocks  are  usually  com- 
pact and  hard,  and  if  employed  in  the  manufacture  of  Portland  cement  must  be 
crushed  and  ground  to  a  fine  powder.  Except  for  the  expense  thus  involved  they 
are  in  certain  instances  as  favorable  for  the  use  indicated  as  the  marls  described 
below. 

MARL  DEPOSITS. 

Russell  describes  the  marl'deposits  as  follows: 

Some  idea  of  the  abundance  and  wide  distribution  of  marl  deposits  in  the  southern 
peninsula  may  be  obtained  from  the  map  [PI.  VIll],  on  which  those  it  has  been 
convenient  to  locate  are  indicated.  This  is  by  no  means  a  complete  index  of  the 
total  number  of  marl  deposits  that  occur  in  the  area  represented,  as  it  has  not  been 
found  practicable  to  make  a  detailed  survey  for  the  purpose  of  mapping  them.  It  is 
safe  to  say  that  those  shown  on  the  map  are  probably  less  than  one-fourth  of  the 
total  number  that  exists  in  the  southern  peninsula.  Those  indicated  on  the  map, 
with  possibly  a  few  exceptions,  have  an  area  in  excess  of  50  acres,  and  an  average 
depth  of  10  feet  or  more.®    The  marl  beds  of  Michigan  only  are  considered  in  this 

a  In  the  compilation  of  the  data  shown  on  the  map,  I  have  been  assisted  by  Dr.  A.  C.  Lane,  State 
geologist,  Prof.  C.  A.  Davis,  of  Alma  College,  and  others.    [Note  by  Russell.] 
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report,  but  deposits  of  the  same  character  are  known  to  occur  in  neighboring  States, 
as  well  as  in  the  adjacent  portions  of  Canada,  but  their  entire  distribution  and  their 
precise  relation  to  climatic  and  geological  conditions,  etc.,  have  not  been  determined. 
In  extent  the  marl  beds  vary  from  a  few  acres  up  to  several  hundred  acres.  Some 
of  the  Portland-cement  comimnies,  it  is  stated,  have  marl  beds  from  500  to  1,000 
acres  in  area,  with  an  average  depth  of  20  feet  or  more.  Im  most  instances  these 
figures  probably  refer  to  two  or  more  separate  but  perhaps  closely  adjacent  beds.  It 
is  safe  to  say,  however,  that  single  beds  from  100  to  300  acres  in  area  and  with  an 
average  depth  of  20  feet  or  more  are  not  rare. 

In  depth  the  marl  beds  vary  from  a  few  inches  up  to  over  35  feet,  as  has  been 
demonstated  by  the  writer  by  actual  borings.  Other  observers  report  depths  up  to 
50  and  even  in  excess  of  70  feet,  which  are  no  doubt  reliable  measures. 

The  marl  beds  occur  principally  in  the  basins  of  existing  lakes,  but  frequently 
extend  beyond  the  present  water  margins  and  underlie  the  bordering  swamp.  They 
are  present  also  in  many  instances  beneath  beds  of  peat  or  muck,  from  a  few  inches 
to  several  feet  thick,  on  which  tamarack  and  other  trees  grow.  The  presence  of 
marl  beds  about  the  borders  of  existing  lakes  and  at  an  elevation  in  some  cases  of 
10  or  15  feet  above  their  surfaces  shows  that  the  lakes  have  been  lowered,  usually  by 
the  cutting  down  of  their  outlets,  since  the  marl  began  to  form.  In  some  examples 
peat  occurs  beneath  extensive  marl  beds,  and  in  a  few  cases  two  or  three  alternations 
of  layers  of  peat  and  marl  have  been  discovered.  Usually,  however,  there  is  but 
one  bed  of  marl  present,  which  rests  on  a  sandy  or  clayey  bottom.  It  is  evident  in 
all  instances  that  the  marl  was  deposited  in  a  lake,  and  that  tlie  swamps,  or  in  some 
instances  the  now  well-drained  tracts  where  it  is  found,  were  formerly  flooded. 
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SHALES  AND  CLAYS. 

Surface  clays  as  well  as  shales  from  the  Traverse  and  Cold  water 
formations  have  been  used  in  Portland-cement  plants  in  Michigan.  In 
addition,  shales  from  the  Antrim  and  Saginaw  formations  may  furnish 
supplies  in  the  future. 

The  following  descriptions  of  shales  and  clays  are  taken  from  Rus- 
sell's report: 

The  shale  of  the  Traverse  group  is  utilized  by  the  Alpena  Portland  Cement  Com- 
pany in  connection  with  limestone  from  the  same  formation,  and  is  obtained  from 
quarries  about  7  miles  north  of  Alpena  and  near  the  shore  of  Lake  Huron.  The 
strata  are  nearly  horizontal  and  consist  of  alternating  layers  of  fine-grained  and  uni- 
form bluish-black  shale  alternating  with  thin-bedded  impure  limestone.  At  the 
locality  where  the  quarries  are  located  the  shale  occurs  at  the  surface,  being  covered 
only  by  2  or  3  feet  of  peat.  The  same  bed  is  understood  to  occur  in  the  low  bluff 
bordering  the  neighboring  portion  of  Lake  Huron.  The  surface  portion  of  the  shale 
where  now  exposed  is  disintegrated  to  a  depth  of  a  few  inches,  so  as  to  form  a  stiff 
blue  clay,  and  both  the  surface  material  and  the  un weathered  shale  beneath  are 
suitable  for  cement  making.  The  general  composition  of  the  shale  is  indicated  by 
the  following  analyses: 

Arwlyms  of  shale  of  the  TraverM  group  from  near  Alpena.<* 
[AnalyRtA,  A.  N.  Clark  (A)  and  H.  Ries  (B).] 


Constituent. 


Silica  (RiO,) 

Alumina  ( Al,Os)  , 

Ferric  oxide  (Fe,Os;  all  iron  computed  as  FejOj) 

Calcium  carVjonate  (CaCO,) 

Magnesium  carbonate  (MgCOj) 

Alkalies,  as  KjO 

Water,  organic  matter  and  difference 

Total 

P'errouH  iron  (FeO) 


A. 

B. 

55.95 

58.60 

17.43 

17.66 

7.67 

7.44 

2.14 

2.14 

1.55 

2.14 

2.86 

12.40 

11.97 

100.00 

100.00 

.50 

Another  analysis  of  shale  from  the  same  locality  as  the  above,  supplied  by  the 
Alpena  Portland  fcement  Company,  is  as  follows: 

Analysis  of  sfiale  of  the  T^raverse  group  from  near  Alpena. 

[Analyst,  S.  H.  Ludlow.] 
Silica  (SiO,) : 57.96 

Alumina  (AlA) 20.44 

Ferric  oxide  (FeA) 3.03 

Calcium  carbonate  (tJaCOs) 9. 12 

Calcium  oxide  (CaO) 28 

Magnesium  carbonate  (MgC'Oa) 5. 02 

Sulphuric  anhydride  (SO3) 72 

Alkalies  (Na,0  and  K,0) 3.40 

Total 99.97 

dOeoI.  Survey  Michiji^an,  vol.  8,  pt.  1,  p.  16. 
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The  region  in  the  northern  portion  of  the  southern  peninsula  in  which  shales  of 
the  Traverpe  group  may  outcrop  on  the  borders  of  lakes  or  along  streams,  or  may 
be  discovered  by  making  small  excavations,  is  indicated  on  the  map. 

COLD  WATER  SHALES. 

The  Cold  water  shales  are  now  being  quarried  at  a  locality  about  1}  miles  east  of 
Union  City  and  utilized  by  the  Peerless  Portland  Cement  Company.  At  the  quarry 
referred  to  the  shales  are  well  exposed  to  a  depth  of  from  20  to  35  feet,  are  thin 
bedded,  horizontal,  and  contain  irr^ular  concretions  of  ferrous  carbonate,  some  of 
which  are  charged  with  fossil  marine  shells.  The  rocks  near  the  surface  are  much 
weathered  and  so  completely  disintegrated  that  the  evenly  bedded  bluish  shales  below 
pass  upward  into  yellowish  mottled  clays  near  the  surface.  In  the  manufacture  of 
Portland  cement  an  approximately  equal  mixture  of  the  weathered  and  unweathered 
material  is  now  used.  The  range  in  percentage  of  the  several  constituents  compos- 
ing the  shale  is  as  follows: 

Analysen  of  Coldwaier  shale  from  near  Union  City, 

[Analyst,  A.  Lundteigen.] 

Silica  (SiO,) 67. 89  to  69. 20 

Iron  and  aluminum  oxides  {Fe,0,  and  AljOj) 29. 89  to  23. 33 

Calcium  (CaO) 1.42  to      .00 

Magnesium  (MgO) 2. 16  to     .26 

Sulphuric  anhydride  (SO3) Trace  to     .  00 

Alkalies,  by  difference 8. 55  to    6. 00 

Moisture,  including  water  of  composition 20. 50  to  10. 00 

The  Coldwater  shales  are  also  used  at  the  works  of  the  Michigan  Portland  Cement 
Company,  near  Coldwater,  and  there  present  about  the  same  characteristics  as  at 
Union  City.     Their  range  in  componition  is  as  follows: 

Analyses  of  Coldwater  shale  from  near  Coldiuater. 

[Analyst,  H.  £.  Brown.] 
Silica  (SiOj) 57. 26  to  61. 25 

Alumina  (AlA) 18. 12  to  2f.  59 

Ferric  oxide  (Fe  A) 6.53to  8.30 

Calcium  (CaO) 1.25  to  1.50 

Magnesium  (MgO).. 1.49  to  2.31 

Sulphuric  anhydride  (SO3 ) 65  to  1 .  34 

Carbon  dioxide  (CO,) 95  to  1.18 

Titanium  oxide  (TiOj,) 82  to  1.12 

Alkalies  (Na^OandK^O) 2.25  to  3.45 

Loss  on  ignition * 6. 19  to  8. 32 

The  shales  of  this  formation  were  formerly  used  by  the  Bronson  Portland  Cement 
Company,  but  have  been  superseded  by  surface  clays  obtained  in  northern  Ohio. 
The  shale  formerly  used  at  Bronson  is  reported  to  have  the  following  composition: 

Analysis  of  Coldwaier  shale  from  near  Bronson,^ 

[Analyst,  C.  J.  Wheeler.J 
Silica  (SiO,) 62.00 

Alumina  (AlA) 20.00 

Ferric  oxide  (Fe A) 8.00 

Calcium  (CaO) 50 

Manesium  (MgO) -. 1.00 

Sulphuric  anhydride  (SO5) 50 

Organic  matter 8. 00 

Total 100.00 

aThe  plant  of  the  Bronson  Portland  Cement  Company.  Bronson,  Mich.,  by  H.  Lewis:  Eng.  Rec., 
vol.  37, 1898,  pp.  47(M72;  reprinted  in  The  Cement  Industry.  New  York,  1900,  pp.  33-44. 
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Other  analyses  of  the  shales  of  this  formation  occurring  near  Bronson,  Coldwater, 
and  at  White  Rock,  compiled  from  Ries^s  report,  are  as  follows: 

Analyus  of  Coldwater  aJiale. 
[Analyst,  H.  Rlee.] 


Constituent. 


Silica  (SiO,) 

Alumina  ( AljOg) 

Ferric  oxide  (FejOj) 

Calcium  (CaO) 

Calcium  carbonate  (CaCOj) 

Magnesium  (MgO) 

Magnesium  carbonate  (MgCOj) 

Sulphuric  anhydride  (SOj) 

Alkalies  (Na,0  and  K,0) 

Water  and  organic  matter 


Total 


Bronson. 


62.10 

20.09 

7.81 

.65 


.96 


.49 


7.90 


100.00 


Ckildwater. 


} 


53.44 

24.80 

.76 


.25 


20.75 


100.00 


White  Rock. 


58.70 
18.31 


1.80 
.98 


3.67 
9.35 


100.00 


The  Coldwater  shales  occur  beneath  the  surficial  deposits  throughout  an  extensive 
area  in  the  southern  peninsula,  *  *  *  but  are  seldom  well  exposed  at  the  surface. 
As  noted  by  Ries,o  however,  extensive  outcrops  occur  along  the  shore  of  Lake  Huron 
between  White  Rock  and  Forsyth,  and  are  favorably  situated  for  shipping  by  water. 

At  many  localities  where  suitable  surface  clays  can  not  be  had  in  connection  with 
extensive  marl  deposits  it  may  be  found  practicable  to  mine  the  underlying  Coldwater 
shales,  as  was  formerly  done  near  Bronson,  for  use  in  cement  making. 

ANTRIM  SHALES. 

In  addition  to  the  deposits  briefly  described  above,  there  are  two  formations  in 
the  southern  peninsula  which  contain  shales  that,  in  certain  instances,  at  least,  are 
worth  investigating  in  connection  with  the  industry  here  considered.  These  are  the 
Antrim  shales,  which  occur  at  the  summit  of  the  Devonian  system,  and  the  Saginaw 
formation,  which  forms  the  upper  portion  of  the  Carboniferous  system  as  developed 
in  Michigan. 

The  Antrim  shales  usually  contain  a  high  percentage  of  organic  matter  and  yield 
petroleum,  gas,  etc.,  on  distillation.  No  attempts  have  yet  been  made  to  utilize 
them  for  making  cement,  although  their  physical  properties  (except,  perhaps,  their 
toughness,  which  renders  them  somewhat  difficult  to  quarry  or  to  reduce  to  a  pow- 
der) and  their  chemical  composition  make  them  worthy  of  experiment  in  that  con- 
nection. An  analysis  of  probably  un weathered  Antrim  shale,  made  for  the  purpose 
of  testing  its  fuel  value,  published  by  Ries,  ^  is  as  follows: 

Analysis  of  Antrim  shaU. 

[Analyst,  W.  H.  Johnson.] 

Volatile  matter 17.96 

Fixed  carbon 6. 49 

Ash 75.55 

Total 100.00 


aGeol.  Survey  Michigan,  vol.  8.  Pt.  1, 1900,  p.  44. 
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Analysis  of  the  ash. 

Silica  (SiO,) 70.64 

Alumina  ( Al,Os) 15. 33 

Ferric  oxide  (FejOj) 5. 31 

Calcium  (CaO) 2.38 

Ma^esium  (MgO) 78 

Alkalies,  etc.,  by  difference 6. 56 

Total 100.00 

As  remarked  by  Ries,  the  ratio  of  silica  to  alumina  in  this  analysis  is  unusually 
high,  but  so  far  as  can  be  judged  this  material  is  worth  careful  investigation  on  the 
part  of  cement  makers. 

The  Antrim  shales  are  exposed  on  the  shore  of  Thunder  Bay,  and  also  at  several 
localities  in  Charlevoix  County,  where  they  are  associated  with  marl  deposits.  The 
availability  of  these  shales  in  manufacturing  Portland  cement  and  the  utilization  of 
the  organic  matter  they  contain  as  a  by-product  seems  to  be  a  possibility  worthy  of 
conaideraUon. 

SAGINAW  FORMATION. 

The  shales  of  the  coal-bearing  rocks  which  underlie  an  extensive  area  in  the  central 
portion  of  the  southern  peninsula,  and  are  well  developed  in  the  productive  coal 
field  of  the  Saginaw  Valley,  although  frequently  containing  sand,  have  in  some 
iuHtances  approximately  the  physical  and  chemical  composition  desired  in  cement 
making.  The  fact  that  these  shales  are  frequently  removed  in  the  process  of  coal 
mining  and  that  facilities  for  transportation  are  available  claim  for  them  careful 
attention  as  a  Hource  of  material  for  use  in  manufacturing  Portland  cement. 

As  stated  by  Ries,^  three  types  of  shale  in  the  Saginaw  formation  may  be  recog- 
nized, between  which  there  are  intermediate  gradations.    These  are — 

First.  A  lightrgray,  sandy,  shaly  clay,  often  quite  hard,  called  ''fire  clay,"  and 
not  infrequently  containing  fossil  plants.  Shale  of  this  character  is  present  beneath 
a  coal  seam  at  the  mines  of  the  Standard  Mining  Company,  near  Saginaw,  and  has 
the  following  composition: 

Analysis  of  shale  from  Saffinaw. 
[Analyst,  H.  Ries.] 

Silica  (SiO,) 55.30 

Alumma  (AlA) 14.20 

Ferricoxide  (FejOg) 3.62 

Calcium  carbonate  (CaCOj)| 30 

Magnesium  carbonate  (MgCOj) 2. 61 

Alkalies  (K,0,  Na,0) .' 2.15 

Water  and  organic  matter 21. 82 

Total 100.00 

Flaxes 8.68 

This  shale  is  evidently  too  low  in  alumina  and  iron  in  proportion  to  the  silica 
present  to  be  used  to  advantage  in  the  manufacture  of  Portland  cement  as  now 
practiced. 

Second.  A  black,  fine-grained,  brittle  shale,  with  dull  luster,  sometimes  termed 
"  cannel  coal."  It  contains  much  bituminous  matter  and  would  not  serve  well  for 
the  manufocture  of  clay  products  (Ries) . 


a  (ieol.  Survey  Michigan,  vol.  8,  pt.  1, 1900,  pp.  25-88. 
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Third.  A  dark,  grayish-black,  fuie-grained,  hard,  yet  brittle,  shale,  which  is  appre- 
ciably plastic  when  ground  and  mixed  with  water.  Shale  of  this  type  is  found  in 
several  of  the  mines  near  Saginaw  and  Bay  City,  and  is  quarried  at  Flushing  for  the 
manufacture  of  paving  brick.  Similar  shales  are  associated  with  coal  seams  near 
Jackson  and  may  be  expected  to  occur  throughout  the  area  indicated  as  being 
occupied  by  the  Saginaw  formation. 

The  chemical  composition  of  the  shales  just  referred  to  is  indicated  by  the  follow- 
ing analyses: 

Analysett  of  shales  of  the  Saffitiaw  formation. 


Constituent. 


Silica  (SiO,) 54.50 

Alumina  (AlA)- - '    30.75 

Ferric  oxide  ( Fe^Oj) |      3. 50 

Calcium  (CaO) '      1.05 

Calcium  carlx>nate  (CaCO,) . . . 

Magnesium  (MgO) 

Magnesium  carlxinate  (MgCOs) 

Sodium  oxide  (Na^O) 

Potassium  oxide  (K,0) 

Water  and  organic  matter 


1  69 


.80 
2.20 
5.51 


8 


52.45 

23. 27 

7.93 


57.10 

20.02 

8.18 


1.82 


I 


1.06 


4.37 


9.10 


FeO 


Total I  100.00 

I 


100.00 
1.57 


.71 


1.47 
2.76 
9.76 


100.00 
1.47 


61.13 
90 
1.12 


I  26. 


.96 


{ 


(?) 

(?) 
6.47 


96.58 


6 


54.93 

31.43 

.22 


1.58 


(?) 

(?) 
7.44 


95.60 


6 


41.38 

27.02 

.52 


.90 


(?) 

(?) 
23.11 


92.93 


1.  Fine-grained,  black  shale  from  FlUBhin^.  Analyst,  H.  Rles.  Geological  Survey  of  Michigan, 
vol.  3,  pt.  1.  1900,  p.  30. 

2  and  3.  Shales  associated  with  coal  at  Bay  City.    Analyst,  A.  N.  Clark.    Ibid.,  pp.  36-S6. 

4,  5,  and  6.  Coal  mines  at  Bay  City.  Analyses  furnished  by  the  Hecla  Portland  Cement  and  Coal 
Company.    Analystts,  Lathbury  and  Spackman. 

As  shown  by  these  analyse?,  the  shales  of  the  Saginaw  formation  as  a  rule  are 
lower  in  silica  than  is  deemed  desirable  for  use  in  making  Portland  cement,  but 
certain  beds  have  l)een  recommended  by  experts  in  that  industry.  Evidently  any 
layer  of  shale  in  the  Saginaw  formation  which  can  Ije  economically  mined,  and 
which  is  free  from  sand  and  other  objectionable  substances  visible  to  the  eye,  should 
be  carefully  tested  and  experimented  witli  in  connection  with  the  industry  under 
review. 

CLA  rs. 

Surface  clays  deposited  during  the  Pleistocene  period  of  geological  history — that 
is,  at  a  late  date,  and  after  the  land  ha<l  about  its  present  relief — are  abundant 
throughout  Michigan.  These  clays  were  in  part  left  on  the  surface  of  the  country 
directly  by  the  glaciers  during  the  last  ice  invasion  of  the  Glacial  epoch,  or  in  some 
instances  by  streams  flowing  from  the  glaciers;  in  part  were  laid  down  in  small  lakes 
and  in  the  waters  of  the  Great  I^kes  when  more  widely  expanded  in  certain  direc- 
tions than  at  present,  and  in  part  were  spread  out  in  the  flood  plains  of  streams. 
These  three  varieties  may  l)e  termed,  to  adopt  the  classification  used  by  Ries,"  drift 
clays,  lake  clays,  and  river  silts. 

The  drift  clays  are  invariably  calcareous  and  usually  contain  sand,  stones,  and 
lK)wlders,  and  show  much  variation  in  com|)osition.     They  are  the  most  abundant  of 


aGeol.  Survey  Michigan,  vol.  8,  pt.  1,  1900,  pp.  48-62. 
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the  surface  clays  and  frequently  form  the  hills  and  upland.  In  nomerous  instances 
they  are  used  in  the  manufacture  of  bricks,  titles,  etc.,  although  in  general  not  well 
adapted  for  this  purpose.  On  account  of  their  usual  sandy  and  stony  character  and 
irregularities  in  composition,  they  are  seldom  worth  investigating  in  reference  to  the 
making  of  Portland  cement.  In  some  exceptional  instances,  however,  the  glacial 
clays  are  essentially  free  from  gravel  and  sand,  but  contain  at  intervals  irregular 
nodules  of  calcium  carbonate,  which,  if  the  material  were  used  in  making  cement, 
would  necessitate  great  care  in  mixing  and  grinding  to  form  a  slurry. 

The  chemical  composition  of  typical  examples  of  drift  clay,  when  free  from  gravel 
and  sand,  is  here  presented: 

AncUyses  of  drift  days. 


(Constituent. 

1 

8 

8                 4 

6 

6 

Silica  (iSiO,) 

54.94 

12.14 

4.88 

9.13 

45.27 

15.33 

6.65 

11.32 

46.22 

15.02 

5.49 

10.85 

40,15 

11.25 

4.88 

21.43 

8.93 

41.86 

10.70 

5.02 

14.33 

52.26 

Alumina  ( AljOj) 

22.95 

Ferric  oxide  ( FejOj) 

Lime  (CaO) 

8.15 
4.48 

Calcium  carbonate  (CaCO,)  .. 

Maimesia  (MeO) 

3.65 

4.08 

4.52 

2.81 

1.32 

Magnesium  carbonate  (MgCOj) 

Sulphuric  anhydride  (SOj)  ... 

None. 

Trace. 

Trace. 

Carbon  dioxide  (CO, ) 



14.56 
2.80/ 
8.00 

Sodium  oxide  (Na^O) 

(?) 
m 

12.44 

1    2.06 
11.30 

Potassium  oxide  ( K,0) 

Water  and  organic  matter  ^ . . . 
Sand 

13.75 
3.44 

15.31 
1.20 

10.56 

Total 

97.16 

98.84 

98.61 

100.08 

99.72 

a  Lo«  on  ignition. 

1.  Brickyard  near  Pinckney,  LiyingBton  County.    Furnished  by  Standard  Portland  Cement  Com- 
pany.   Aifalyais  by  E.  D.  Campbell. 

2.  From  3  miles  north  of  JacKflon.    Furnished  by  Standard  Portland  Cement  Company.    Analyslfl 
by  E.  D.  Campbell. 

3.  From  near  Stockbridife,  Ingham  County.    Analysis  by  E.  D.  Campbell. 

4.  From  Ionia,  Ionia  (V^unty.    Analysis  by  A.  N.  Clark.    Qeol.  Survey  Michigan,  vol.  8,  pt.  1, 1900. 
pp.  51 --53. 

5.  From  near  Jackson,  Jackson  County.    Analysis  by  H.  Ries.    Geol.  Survey  Michigan,  vol.  8,  pt.  1, 
1900,  pp.  ft6-*9. 

6.  From  Sprlngport  Township,  Jackson  County.    Analysis  by  Mariner  and  Hoskins.   Geol.  Survey 
Michigan,  vol.  8,  pt.  1,  1900,  p.  60. 

The  lake  clays  are  well  represented,  especially  about  the  border  of  the  southern 
peninsula,  as  between  Detroit  and  Ypsilanti,  about  Port  Huron,  South  Haven, 
widely  over  the  Saginaw  Valley,  and  in  numerous  local  l>a8infl  throughout  the  State. 
In  the  Upper  Pensinsula  extensive  deposits  of  exceedingly  fine-graineil,  laminated 
pinkish  clay,  deposited  from  the  water  of  Lake  Superior  when  more  widely  expanded 
than  now,  occur  in  abundance  at  Sault  Ste.  Marie,  and  have  a  wide  distribution  west- 
ward, 88  at  Marquette,  Escanaba,  etc.  The  chemical  composition  of  this  extensive 
deposit  is  indicated  by  analysis  6  in  the  following  table,  which  shows  that  it  is  suit- 
able for  cement  making. 

The  lake  clays  here  referred  to  are  characteristically  fine  grained,  many  times 
almost  entirely  free  from  grit,  highly  plastic,  and  uniform  in  composition.  As  nhown 
by  numerous  chemical  analyses,  however,  they  are  what  are  termed  *'lean  clays;" 
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that  is,  not  high  in  alumina  and  ferric  oxide  in  proportion  to  the  silica  present,  and 
not,  SLS  a  rule,  considered  favorable  for  cement  making.  These  properties  and  the 
usual  presence  of  lime,  together  with  the  frequent  occurrence  of  sulphuric  anhydride, 
are  shown  by  the  following  analyses: 

Analyses  of  lacustral  days. 


Constituent. 


Sand 

Silica  (SiO,). 

Alumina  ( A1,0,) 

Ferric  oxide  ( Fe^Oj) 

Lime  (CaO) 

Calcium  carbonate  (CaOO,)... 

Magnesia  (MgO) 

Magnesium  carbonate  ( MgCO,) 

Sulphuric  anhydride  (SO,) 

Sodium  oxide  (Na,0) 

Potassium  oxide  ( K,0) 

Water  (H,0) 


Total 


49.75 

13.06 

5.31 

10.86 


4.28 


(?) 

(7) 
« 15. 07 


99.13 


i 


49.34 

14.50 

5.37 

9.75 


4.77 


L51 
66.49 
9.87 
4.87 
4.72 


L22 


.13 

(?) 

(?) 
a  15.  56 


99.25 


.62 

(?) 

(?) 
fl9.36 


47.75 

17.60 

9.13 


2.60 


.70 


6 


(?) 
46.40 

}l6.4{ 


25.36 
4.30 


98.66 


}  'A 


22.01 


100.00 


7.00 


99.46 


6L62 

17.20 

5.99 

5.62 


2.82 


.46 


«5.34 


99.00 


a  LoBB  on  i^ition. 

1.  From  near  Chelsea,  Washtenaw  County.    Analysis  by  E.  D.  Campbell. 

2.  From  near  Fenton,  Oenesee  County.    Analysis  by  E.  D.  Campbell. 

3.  From  near  Farmington,  Oakland  County.    Analysis  by  E.  D.  Campbell. 

4.  From  near  Saginaw.    Analysis  by  H.  Reis.    Qeol.  Survey  Michigan,  vol.  8,  pt.  1, 1900,  p.  66. 

6.  From  Wyandotte;  used  in  cement  making  by  the  Michigan  Alkali  Company.    AnaiysiB  by  O. 
Button. 
6.  Sault  Ste.  Marie.    Analysis  by  E.  D.  Campbell. 

The  river  silts  occur  on  the  border  of  many  streams,  sometimes  in  terraces  a  few 
feet  above  their  surfaces.  Although  in  many  instances  available  for  brick  and  tile 
making,  they  are  usually  too  sandy  to  be  employed  in  manufacturing  Portland 
cement  without  being  ground,  so  as  to  have  the  requisite  degree  of  fineness — that  is, 
so  as  to  pass  through  a  sieve  with  150  to  200  meshes  to  the  linear  inch.  No  anal3rse8 
of  typical  examples  of  the  river  silts  are  available,  but  as  the  deposits  are  derived 
mainly  from  the  drift  clays,  they  no  doubt  have  the  same  composition,  lacking, 
perhaps,  some  of  the  calcium  carbonate  and  alkaline  salts. 

In  general  it  may  be  said  that  the  surface  clays  of  the  Southern  Peninsula  are  not 
favorable  for  use  in  making  Portland  cement,  although  some  of  the  stony  clays,  if 
crushed  sufficiently  fine,  may  be  employed  for  that  purpose.  Reference  is  not  here 
made  to  the  decomposed  outcrop  of  the  shales  described  in  the  preceding  section, 
.which  might  perhaps  be  taken  for  surface  clays,  some  of  which  have  been  used  with 
favorable  results.  In  reference  to  the  surface  clays  of  the  Northern  Peninsula  little 
accurate  information  is  available,  excepting  the  analysis  of  a  representative  sample  of 
the  extensive  deposit  of  pink  clay  near  Sault  Ste.  Marie,  given  above. 

In  a  summary  of  the  results  of  Ries's  investigations  of  the  shales  and  clays  of 
Michigan,  already  referred  to  several  times,  A.  N.  Clark  remarks  as  follows:  o 

"  For  use  in  the  manufacture  of  Portland  cement  the  shales  of  the  Cold  water  series 
are  best  adapted.     The  shales  of  the  Michigan  series  are  also  good  if  not  too  high  in 


aGeol.  Survey  Michigan,  vol.  8,  pt.  1, 1904,  p.  64. 
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soluble  salts.  Some  of  the  Coal  Measure  shales,  which  are  often  too  g^ritty,  and  some 
of  the  clays  derived  from  the  weathering  of  these  shales  or  the  Devonian  black  shales, 
may  be  suitable.  Surface  deposits  of  clay  of  any  size  are,  almost  without  exception, 
either  too  calcareous  and  irregular  in  composition  or  too  gritty  to  be  desirable." 

The  difficulty  of  obtaining  a  suitable  clay  to  use  in  connection  with  the  marl 
deposits  of  the  southern  portion  of  the  Southern  Peninsula  has  led  several  of  the 
Portland  cement  companies  now  in  operation  in  that  region  to  employ  clay  brought 
from  Ohio.  The  most  of  this  material  comes  fron*  Milbury  and  Bryan  and  is  a 
lacustral  clay,  deposited  from  the  waters  of  the  Erie  basin  (Glacial  Lake  Warren) 
when  more  widely  expanded  to  the  southwestward  than  now.  Its  composition  is  as 
follows: 

Analyses  of  Ohio  clays. 


Coiutituent. 


Silica(8iO,) 

Alumina  ( Al,Os) 

Ferric  oxide  (Fe,Oj) 

Lime(CaO) 

Magnesia  (MgO) 

Sulphurib  anhydride  (SOs) 
Loss  on  ignition 

Total 


o  With  the  Hilica  la  included  8.76  per  cent  of  flne  sand. 

1.  Aiilbnry.    Analysis  by  E.  D.  Campbell. 

2.  Bryan.    Analyais  by  John  G.  Dean  and  N.  S.  Potter,  jr. 


2 


«62.55 

61.03 

17.46 

18.10 

5.08 

6.66 

2.30 

1.29 

1.67 

.53 

Trace. 

1.05 

5.56 

9.21 

98.37 

89.86 
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POBTIiAXD  CEMENT  RESOURCES  OP  MINNESOTA, 

Of  the  limestones  occurring'  in  Minnesota,  only  one  is  usually  suf- 
ficiently low  in  magnesium  carbonate  to  be  wortii  considering  as  a 
Portland  cement  material.  This  is  the  limestone  described  as  '^Tren- 
ton "  in  the  section  on  Iowa,  pages  147-165  of  this  bulletin.  Mr.  U  Irich 
states  that  this  nonmagnesian  formation  is  well  developed  in  southern 
Minnesota,  particularly  in  the  vicinity  of  Wyckoff  and  Spring  Valley. 
The  pure  limestone  beds  in  these  localities  are  both  underlain  and  over- 
lain by  shale,  which  might  prove  available  for  use  in  the  mixture. 

PORTIiAND-CEMBNT  RESOURCES  OF  MISSISSIPPI. 

No  cement  of  any  type  has  ever  been  manufactured  in  Mississippi, 
but  several  large  limestone  areas  occur  in  the  State,  and  at  least  one  of 
these  is  so  well  located  with  respect  to  fuel  supplies  and  transporta- 
tion routes  as  to  give  promise  of  being  of  future  importance  as  a 
source  of  Portland-cement  material. 

The  available  limestones  of  the  State  may  be  grouped  and  descril)ed 
under  three  heads,  the  third  being  the  most  promising  as  the  possible 
basis  of  a  cement  industry. 

The  three  groups  noted  are: 

(1)  Mississippian  (Lower  Carboniferous)  limestones. 

(2)  Cretaceous  limestones  (Selma  chalk  or  "  Uotten  limestone"). 

(3)  Tertiary  limestones  (Vicksburg  limestone). 

The  distribution  of  these  formations  is  shown  on  the  geologic  map 
(PL  II),  which  is  based  on  recent  work  by  the  United  States  Geological 
Survey  in  Mississippi. 

MISSISSIPPIAN  ("lower  CARBONIFEROUS")  LIMESTONES. 

In  the  extreme  northeastern  corner  of  Mississippi,  in  the  counties 
of  Itawamba  and  Tishomingo,  there  is  a  small  area  of  Devonian  and 
Carboniferous  rocks.  These  include  shales,  thin  sandstones,  and 
limestones.  The  limestones,  which  are  mainly  of  Mississippian  (Lower 
Carboniferous)  age,  are  frequently  low  in  magnesia,  and  are  otherwise 
suitable  for  use  as  Portland  cement  materials.  At  present,  however, 
the  most  promising  localities  of  these  liuiestones  have  no  adequate 
transportation  facilities.  This  fact,  together  with  the  nearness  of  the 
soft  and  easily  crushed  Selma  chalk,  will  probably  serve  to  prevent 
the  utilization  of  the  Carboniferous  limestones  in  the  near  future. 
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The  following  analysis  of  a  limestone  from  Cypress  Pond,  Tisho- 
mingo County,  is  by  Dr.  E.  W.  Hilgard: 

Analysis  of  Mississippian  Umestone. 
Silica  (SiO,) 1.68 

Alumina  (AljOs) - ' 1        5g 

Iron  oxide  (FejOs) ) 

Lime  (CaO) 53.49 

Magnesia  (MgO) 82 

Carbon  dioxide  (CO,) 42.03 

Water 1.34 

CRETACEOUS  LIMESTONE    (SELMA   CHALK  OR    "  ROTTEN  LIMESTONE"). 

The  Selma  formation  of  the  Cretaceous  is  a  thick  series  of  chalks, 
chalky  limestones,  and  more  or  less  limy  clays,  which  are  well  exposed 
in  northwestern  Mississippi.  The  area  occupied  by  these  limestones 
is  shown  on  Fl.  U,  and  a  very  detailed  description  of  the  Alabama 
areas  of  Selma  chalk  is  given  in  Doctor  Smith's  discussion  of  the 
cement  resources  of  Alabama  in  this  bulletin  (pp.  72-77). 

Thickness. — The  Selma  chalk  attains  its  maximum  thickness  in  cen- 
tral Alabama,  reaching  a  total  of  about  1,2(K)  feet.  Westward  it 
decreases  slightly  in  thickness,  the  well  at  Livingston,  Sumter  (bounty, 
Ala.,  giving  a  total  of  930  feet,  while  the  well  at  Starkville,  Oktibbeha 
County,  Miss.,  taken  in  connection  with  surrounding  outcrops,  indi- 
cates a  thickness  of  at  least  700  feet.  As  the  belt  turns  northward 
toward  Tennessee  the  Selma  formation  decreases  rapidly  in  thickness, 
while  at  the  same  time  the  limestone  beds  contained  in  the  formation 
become  fewer  and  thinner,  until  in  Tennessee  the  Selma  is  a  thin 
series  of  somewhat  calcareous  clays,  with  only  occasional  beds  of  chalk. 

Stratigraphy. — Owing  to  the  rapidity  with  which  it  disintegrates 
when  exposed  to  atmospheric  action,  surface  outcrops  give  compara- 
tively little  information  in  regard  to  the  stratigraphy  of  the  Selma 
formation.  Fortunately  a  very  precise  section  of  the  Selma  chalk, 
taken  at  a  point  where  it  is  almost  of  maximum  thickness,  is  in  exist- 
ence. This  is  embodied  in  the  record  of  a  well  drilled  at  Livingston, 
Sun^iter  County,  Ala.,  and  quoted  by  Dr.  E.  A.  Smith  in  his  Report 
on  the  Geology  of  the  Coastal  Plain  of  Alabama,  pages  277-278.  The 
well  was  located  just  south  of  the  boundary  between  th6  Selma  and 
Ripley  formations,  and  reached  a  depth  of  1,062  feet,  so  that  it  passed 
through  the  entire  thickness  of  the  Selma  chalk  and  into  the  under- 
lying Eutaw  formation. 

The  section  of  this  well  is  given  below.  The  upper  20  feet  are, 
according  to  Smith,  probably  in  part  Lafayette  and  in  part  Ripley. 
From  a  depth  of  20  to  960  feet  the  well  was  in  the  Selma  formation, 
while  from  950  to  1,062  feet  it  was  in  the  Eutaw. 
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Section  of  well  at  Livingston,  Sumter  County,  Ala. 


Lafayette  and  Ripley: 

Sandy  loam 

Coarse,  dry  Band 

White  quicksand 

Selma  chalk: 

Soft  blue  limestone,  many  shells  and  pyrite  nodules  . . . 

White  limestone,  harder,  few  shells  or  pyrite  nodules.. 

Hard  blue  limestone,  no  shells  or  nodules 

Bluish-white  limestone,  less  hard,  no  shells  or  nodules. 

White  limestone,  very  hard 1 

Light-blue  limestone,  softer 

Bluish-brown  rock,  small  shells,  some  sand 

Hard,  white  limestone 

Soft,  reddish-brown  rock 

Soft,  deep-blue  rock 

Brownish-blue  rock,  moderately  soft 

Hard,  gritty,  blue  rock 

Dark-bluish  rock,  soft 

Soft,  whitish  limestone 

Eutaw  sands: 

Hard  sandstone 

Sand 

Sand  rock , 

Coarse  greensand 

Sandstone 

Greensand , 

Sandstone 

Coarse  greensand 1 

Flint  rock 

Very  fine  greensand 


Thick- 
ness. 


Ftet. 
1 
12 
7 


Depth. 


Ftet. 

1  -       13 
13  -      20 


180 

20 

-  200 

50 

200 

-  250 

7 

250 

-  257 

68 

257 

-  325 

55 

325 

-  380 

47 

380 

-  427 

58 

427 

-  485 

105 

485 

-  590 

2 

590 

-  592 

20 

592 

-  612 

78 

612 

-  690 

i 

690 

-  690i 

9i 

6901-  700 

250 

700 

-  950 

6 

950 

-  956 

10 

956 

-  966 

1 

966 

-  967 

38 

967 

-1,005 

2 

1,005 

-1,007 

25 

1,007 

-1,032 

2 

1,032 

-1,034 

18 

1,034 

-1,052 

1 

1,052 

-1,053 

9 

1,053 

-1,062 

Descriptwm  of  locdlities, — During  1904  the  Selma  chalk  was  care- 
fully mapped  throughout  the  Tombigbee  River  basin  by  Mr.  A.  F. 
Crider.     The  result  of  this  mapping  is  shown  on  PI.  II. 

In  the  following  pages  descriptions  will  be  given  of  the  various 
localities  visited  during  this  work.  ,  Samples  were  taken  from  all  of 
these  localities,  and  many  of  these  samples  have  been  analyzed,  the 
results  being  given  below. 

The  descriptions  are  given  in  order,  going  up  the  Tombigbee  River 
from  the  Alabama-Mississippi  line. 


ECKKL.  ] 


MISSISSIPPI 


209 


The  following  four  analyses,  by  Prof.  W.  F.  Hand,  State  chemist, 
are  of  samples  of  limestone  from  various  points  in  Oktibbeha  County, 
Miss. : 

Analyses  of  Selmd  limesUme  from  Oktibbeha  County ,  Miss. 


Silica  (SiO.) 

Alumina  ( AljOj) 

Iron  oxide  (FejO,) 

Lime  carbonate  (CaCOj) 

Magnesium  carbonate  (MgCOj) 
Water 


1 

2 

S 

2.89 

2.33 

3.03 

1 

1    1.53 

1.72 

1.92 

94.10 

94.36 

93.60 

1.84 

1.82 

1.64 

.36 

.44 

.42 

2.55 


94.07 

2.12 

.62 


Average. 


2.70 

1.78 

94.03 

1.85 

.44 


At  the  big  elbow-bend  in  Oaknoxubee  River,  a  quarter  mile  below 
the  wagon  bridge  at  Macon,  the  river  has  formed  a  bluff  76  feet 
high  on  the  south  side  of  the  stream.  The  entire  cliff  is  made  up  of 
the  Selma  chalk.  It  is  a  solid  mass  of  white  chalk,  nonfossiliferous, 
and  apparently  without  bedding  planes,  but  viewed  at  a  distance  the 
stratification  of  the  material  is  shown  by  the  unequal  hardness  of  the 
strata,  causing  some  to  weather  more  rapidly  than  others.  There  is  a 
marked  dip  to  the  south.  All  the  smaller  streams  flowing  into  Oak- 
noxubee have  channeled  their  beds  into  the  pure  white  limestone.  A 
sample  was  collected  from  the  bluff  on  the  Oaknoxubee  River. 

The  following  analysis  of  this  sample  was  made  by  H.  C.  McNeil  in 
the  laboratory  of  the  United  States  Geological  Survey: 

Analysis  of  Selma  limestone  from  near  Macon^  Miss. 

Silica  (SiO,) 1 9.09 

Alumina  (Al,Os) I  7.47 

Iron  oxide  ( Fe^Og) '. / 

Lime  carbonate  (CaCOs) 80.99 

Magnesium  carbonate (MgCOj) 00 

Water 1.08 

The  town  of  Scooba  is  in  the  Flatwoods  area,  which  is  underlain  by 
clays  of  the  Midway  group.  The  road  from  Scooba  to  Dekalb  is 
through  the  Midway  until  Sucarnooche  Creek  is  reached,  2  miles  east 
of  Dekalb.  The  hills  of  the  Laramie  formation  begin  just-  west  of 
the  creek  and  rise  250  feet  above  the  creek,  barometric  reading. 

The  material  here  forming  the  Midway  is  a  gray,  plastic,  nonfos- 
siliferous clay  ("popping  clay").  It  makes  a  cold  soil,  very  sticky 
and  plastic  when  wet,  and  when  it  dries  out  it  cracks  open  so  that  one 
can  thrust  his  hand  6  or  8  inches  into  the  opening. 

But  little  of  the  Flatwoods  area  is  cleared  and  put  in  cultivation, 
and  this  only  where  there  is  a  little  remnant  of  Lafayette  sand  left. 
The  Lafayette  formation  is  practically  wanting  over  the  entire  area  of 
the  Flatwoods. 
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The  timber  is  short-leaf  pine,  post  oak,  scrub  hickory,  black-jack, 
and  black  gum,  with  an  occasional  white  oak  and  holly. 

The  town  of  Dekalb  is  near  the  east  edge  of  the  Lagrange  forma- 
tion. One  and  a  half  miles  northeast  of  the  town,  on  Sucarnooche 
Creek,  is  a  bed  of  lignite  3  feet  thick,  which  outcrops  a  few  feet  above 
the  bed  of  the  creek.  This  bed  has  been  opened  up  with  a  view  of 
developing  the  vein.  A  level  was  run  20  feet  into  the  hill  and  consid- 
erable lignite  taken  out.  It  was  found  to  be  of  excellent  quality,  and 
was  burned  in  the  office  of  the  chancery  clerk,  Mr.  S.  O.  Bell,  at  De- 
kalb. The  following  analyses  were  made.  No.  1  by  J.  C.  Long  and 
No.  2  by  R.  T.  Pittman. 

Analyses  of  lignite  from  Dekalb ^  Miss. 


Fixed  carbon.. 
Volatile  matter 

Ash 

Moisture 

Sulphur....... 

Specific  gravity 


41.83 

40.80 

46.82 

41.48 

7.94 

17.64 

2.13 

n.  d. 

1.28 

1.57 

n.  d. 

1.33 

The  lignite  is  overlain  by  a  bed  of  gray  clay  and  this  by  stratified 
red,  3^ellow,  and  white  sand,  with  occasional  bands  of  feniiginous 
sandstone  in  the  sand.  On  these  hills  there  is  a  deposit  of  Lafa^'ette 
that  reaches  in  places  a  thickness  of  20  feet,  and  in  this  there  is  con- 
siderable sandstone. 

The  Lagrange  around  Dekalb — the  eastern  edge  of  the  formation 
and  therefore  made  up  pf  its  basal  beds — is  a  mass  of  unconsolidated 
sand  and  sand}^  clay,  which  is  easily  eroded.  The  country  is  rough, 
being  cut  up  into  deep  ravines  and  narrow  valleys. 

The  hillsides,  when  properly  taken  care  of,  are  fertile,  and  the  un- 
cleared land  has  a  fine  growth  of  pine,  poplar,  white  oak,  and  hickory. 

Two  and  one-half  miles  east  of  Scooba,  on  the  west  bank  of  the  creek 
shown  on  the  map  (PI.  II),  is  the  first  outcrop  of  Selma  chalk  on  the 
Scooba  and  Gainesville  road. 

A  sample  of  limestone  was  taken  from  this  outcrop  by  A.  F.  Crider 
and  was  analyzed  by  W.  S.  McNeil,  in  the  laboratory  of  the  United 
States  Geological  Survey,  with  the  following  result; 

Analysis  of  Selma  limestone  from  near  Scooba,  Miss, 

Silica  (SiO.) 16.48 

Alumina  ( AljO,) 1 

Iron  oxide  (FcjOs) J  ^'^^ 

Lime  carbonate  (CaCo,) 74. 34 

Magnesium  carbonate  (MgCoj) 67 

Water 67 
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There  is  a  change  in  the  character  of  timber  as  soon  as  the  Selma 
area  is  reached.  Short-leaf  pine,  which  occurs  so  abundantly  in  the 
Flatwoods,  is  wanting  except  in  the  old  "turned-out  land."  Black 
oak  is  the  principal  timber  in  the  Selma  chalk.  Some  post  oak  and 
hickory  occur.  The  pine  is  wanting  at  a  distance  of  2  miles  east  of 
Scooba,  which  would  perhaps  bring  the  contact  between  the  Selma 
and  Midway  one-half  mile  west  of  the  Selma  outcrop. 

Two  miles  east  of  Scooba  and  one-half  mile  south  is  another  outcrop 
of  limestone,  more  sandy  than  that  2i  miles  east  of  Scooba.  This  is 
perhaps  of  Ripley  age. 

Between  Portersville  and  Oakgrove,  in  southern  Kemper  County, 
on  the  west  side  of  Pittiefaw  Creek,  the  Lagrange  hills  begin  and 
extend  westward.  On  land  belonging  to  Mr.  M.  L.  Nailer  a  bed  of 
lignite,  reported  to  be  4  feet  thick,  has  been  opened. 

Sucarnooche  Creek  marks  the  west  edge  of  the  Midway  group  from 
2i  miles  due  east  of  Dekalb  to  about  3  miles  north  of  Oakgrove. 
Here  the  Porters  Creek  area  widens  and  its  west  edge  swings  in  to 
within  2i  or  3  miles  east  of  Oakgrove,  then  follows  a  southeasterly 
direction  and  crosses  the  Kemper  and  Lauderdale  County  line  about 
Si  miles  west  of  the  State  line. 

On  the  west  side  of  Quilby  Creek,  where  it  runs  south  along  the 
State  line,  7  miles  east  of  Sucarnooche,  the  Selma  chalk  forms  a  small 
bluff.  The  prairie  soil  extends  back  for  2  miles  farther  west.  On  the 
east  side  of  the  creek,  about  100  yards  in  Alabama,  the  Selma  chalk 
forms  a  bluff  a  little  higher  than  on  the  opposite  bank  in  Mississippi. 
Here  what  is  taken  to  be  the  top  of  the  Selma  chalk  is  found.  The 
top  of  the  bluff  is  capped  by  a  coarse-grained  sandstone,  cemented  by 
lime  carbonate.     In  it  are  lime  concretions  the  size  of  a  closed  hand. 

The  upper  beds  of  the  Selma  chalk  also  appear  in  the  bluff  on  the 
east  side  of  Quilby  Creek,  7  miles  east  of  Sucarnooche. 

An  outcrop  of  Selma  chalk  shows  on  Scooba  and  Fox  Prairie  road 
where  it  crosses  Bodea  Creek,  about  2  miles  west  of  the  State  line. 

A  sample  collected  from  this  outcrop  by  Mr.  Crider  was  anah'zed 
in  the  laboratory  of  the  United  States  Geological  Survey  by  W.  S. 
McNeil. 

Analyses  of  Selma  limestone  from  Bodea  Creek^  Mississippi, 
Silica  (SiO,) 10.60 

Alumina  (A1,0,) I    5  90 

Iron  oxide  (F,Oa) I 

Lime  carbonate  (CaCO^) 82. 47 

.Magnesium  carbonate  (MgCO,) Tr. 

Water 82 

Three  miles  north  of  Scooba  the  west  border  of  the  Selma  chalk 
outcrops  in  a  series  of  hills  forming  the  south  bank  of  Wahalak  Creek. 
The  bottom  of  the  Wahalak  is  here  li  miles  wide,  the  south  bank 
retreating  more  rapidly  than  the  north  side.    The  creek  has  cut  its 
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channel  into  the  Selma  chalk,  which  outcrops  almost  continuously 
throughout  its  course.  The  limestone  occurs  up  the  creek  about  6i  to 
7  miles  northwest  of  the  town  of  Wahalak,  but  the  Porters  Creek 
clay  occupies  the  country  on  either  side  of  the  creek.  The  hill  just 
east  of  Wahalak  is  of  Porters  Creek  clay,  which  is  not  over  15  feet 
thick. 

A  sample  of  limestone  was  collected  by  A.  F.  Crider  from  the  bed 
of  Wahalak  Creek,  about  H  miles  south  of  Wahalak.  This  sample 
was  analyzed  by  W.  S.  McNeil  in  the  laboratory  of  the  United  States 
Geological  Survey,  with  the  following  results: 


Analysis  of  Sdma  limestone  from  near  Wahalakj  Miss. 

Silica  (SiOa) 20.00 

Alumina  ( Al,Oj) , 

Iron  oxide  (Fe,0,) 

Lime  carbonate 68. 91 

Magnesium  carbonate Tr. 

Water 1.03 


I  8.92 


A  sample  of  the  Selma  limestone  was  taken  from  the  bed  of  Wahalak 
Creek,  li  miles  south  of  the  town,  and  on  the  range  of  low  hills  on 
the  south  side  of  Wahalak  Creek,  1^  miles  southeast  of  the  point  where 
the  Mobile  and  Ohio  Railroad  crosses  the  creek,  another  sample  was 
taken. 

At  the  top  of  the  Selma  chalk  there  is  about  10  feet  of  a  sand  rock 
cemented  with  lime  carbonate,  which  contains  numerous  little  bivalve 
shells.  This  is  the  same  kind  of  stone  as  that  found  7  miles  east  of 
Sucarnooche.  There  is  no  evidence  of  any  Midway  limestone  any- 
where from  Wahalak  to  the  Alabama  line,  and  this  is  the  only  place 
where  the  sandstone  was  seen  in  Mississippi. 

The  Midway  or  Flatwoods  clay  is  well  shown  near  Scooba,  Miss. 
A  sample  collected  by  A.  F.  Crider  was  anal3'^zed  by  W.  S.  McNeil  in 
the  laboratory  of  the  United  States  (Geological  Survey.  The  result  is 
of  interest  because  clays  of  this  type  occur  everywhere  near  the  west- 
ern edge  of  the  Selma  limestone  area,  and  such  clays  will  be  needed  to 
reduce  the  percentage  of  lime  carbonate  found  in  some  of  the  purer 
samples  of  Selma  chalk. 

Analysis  of  Midway  day  from  Scooba^  Miss. 

Silica  (SiOj) 61.92 

Alumina  (AlA) 19. 47 

Iron  oxide  (FeA) 2.81 

Lime(CaO) 00 

Magnesia  (MgO) 1.98 

Ro<Ja  (Na,0) 60 

Potash  (K,0) 00 

Lobs  on  ignition 12. 29 
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A  sample  of  Selma  chalk  was  taken  from  an  old  rock  quarry  situated 
on  the  southwest  side  of  Bogue  Chitto  Creek,  one-half  mile  east  of 
Prairie  Rock.  This  limestone  differs  from  that  along  Oaknoxubee 
River,  in  the  vicinity  of  Macon,  in  that  it  is  much  harder.  In  the 
unweathered  state  of  the  Macon  rock,  it  is  very  soft  and  noncrystal- 
line. One  can  easily  stick  a  pick  into  it.  But  the  limestone  at  Prairie 
Rock  is  a  hard  so-called  "flint  rock,"  crystalline  in  character,  and  is 
used  for  building  purposes.  The  rock  at  Macon,  when  exposed  to  the 
weather,  becomes  white  as  chalk,  that  at  Prairie  Rock  weathers  to  a 
dirty  gray  and  contains  some  traces  of  iron  stain  on  the  weathered 
surfaces.  This  is  due  to  the  oxidation  of  the  iron  sulphide  (pyrite), 
which  is  found  in  small  concretions  in  the  fresh  rock. 

An  analysis  of  this  Prairie  Rock  limestone,  made  by  W.  S.  McNeil, 
in  the  laboratory  of  the  United  States  Geological  Survey,  follows.  It 
will  be  seen  that  the  stone  is  a  very  pure  limestone,  in  spite  of  the  man- 
ner in  which  it  discolors  on  weathering. 


Analysis  of  Selma  limestone  from  Prairie  Rock,  Mississippi. 

Silica  (SiO,) 1.13 

Alnmina  ( Al,Oj) 

Iron  oxide  (Fe,Os) 

Lime  carbonate  (CaCOa) '. 98.36 

Magnesium  carbonate  (MgCOj) tr. 

Water 40 


I        .68 


The  rock  breaks  down  easily  when  exposed  to  the  weather,  and 
hence  is  not  now  used  for  extensive  building  purposes.  It  is,  hoWever, 
the  only  road  material  found  in  this  section  of  the  country.  It  has 
been  used  on  the  road  across  Bogue  Chitto  swamp,  but  is  unsatisfac- 
tory. 

Men  familiar  with  the  country  say  that  this  hard  limestone  is  very 
thin — onl^'  about  4  feet  thic^k — and  occurs  near  the  surface.  Below 
this  hard  stratum  comes  the  soft,  whiter  ''rotten  limestone,"  which  is, 
on  an  average,  20  feet  thick.  Below  this  comes  the  "blue  rock," 
which  holds  water.  In  digging  cisterns,  the  fanners  always  dig  down 
to  the  "  blue  rock,"  which  requires  no  curbing. 

There  are  two  kinds  of  soils  in  the  prairie  section,  the  "post-oak" 
land  and  the  "prairie"  proper.  The  former  is  the  highest  land 
between  the  stream  divides,  which  has  suffered  but  little  erosion.  It 
is  very  level,  sloping  gently  to  the  streams.  This  post-oak  land  is 
covered  with  a  thin  coating  of  Lafayette,  clayey  sand,  never  over  10 
feet  thick,  which  has  never  been  all  carried  away  b}^  erosion.  The 
uncleared  land  produces  post  oak  and  some  black-oak  timber. 

The  "prairie"  land  is  that  from  which  the  Lafayette  has  been 
removed,  and  the  black,  rich  loam,  formed  from  the  decomposition 
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of  the  Selma  chalk,  comes  to  the  surface.  The  limestone  never  comes 
to  the  surface  except  along  the  streams. 

When  the  country  was  first  settled  this  black  prairie  soil  was  too 
strong  for  cotton.  It  produced  a  large  stalk,  but  very  little  cotton. 
Until  recent  years  all  the  cotton  was  planted  on  the  poorer  "post-oak" 
lands,  and  the  prairie  lauds  were  put  in  corn.  But  after  years  of  con- 
tinuous crops  of  corn  the  prairie  land  became  the  best  cotton  land, 
and  now  the  finest  cotton  grows  on  the  prairie  lands. 

Later  investigation  around  Columbus  and  Aberdeen  has  verified 
the  fact  that  the  land  known  by  all  as  the  "post-oak  land,"  as  distin- 
guished from  the  black  "pi'airie  soils,"  is  the  land  from  which  the 
entire  Layfayette  has  not  been  removed.  The  soil  is  not  so  rich  as 
the  prairie  soils,  and  has  been  largely  abandoned  for  cultivation. 

The  following  well  sections  are  of  interest  in  this  connection: 

Wdl  at  Ravinef  on  land  of  J.  Q.  Poindexter. 

Feet. 

Selma  chalk 250 

Sand,  water  bearing,  and  principal  source  of  water 475 

Red  day 60 

Depth 725 

Water  rises  within  26  feet  of  surface.     Water  soft. 

Well  2  jniles  due  east  of  Ravine,  on  Sebe  Oavm*8  land. 

Feet. 
Depth  of  well 431 

Water  flows  16  feet  above  surface. 

WeU  on  Doctor  Patty*  s  land,  near  Bighee  VaUey  poat-office. 

Feet. 

Depth  of  well 431 

Water  flows  20  feet  above  surface.     Water  found  in  sand,  and  soft. 

Well  at  Bigbee  Valley  post-office,  sec,  16,  T.  16,  R.  19  E. 

Feet. 

Depth  of  well 460 

Thickness  of  Selma  cMk 200 

Water  flows  20  feet  above  surface. 

Well  in  sec.  21,  T.  16,  R,  19  E, 

Feet. 

Depth  of  well : 444 

Thickness  of  sand 200 

Flows. 

Well  at  CliftanvUU. 

Feet. 

Limestone 300 

Dark  sand,  dry 20 

White  sand,  water-bearing 20 

Dark  sand,  dry 10 

White  sand,  water-l>earing 40 

Ferruginous  sandstone 1 

Depth  of  well,  450  feet;  300  feet  in  limestone,  150  feet  in  sand. 

Source  of  water,  green  sand. 
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Well  on  A.  Q.  Cunningham* s  land,  \\  miles  west  of  mouth  of  James  Creek, 

Feet. 

Depth  of  well 500 

Thickness  of  limestone 100 

Well  is  75  feet  above  Tombigbee  River.     Water  overflows. 

WeU  ai  PickinsvUle^  Ala,^  on  land  of  Will  Rodgers, 

Feet. 

Thickness  of  limestone 100 

Depth  of  well 400 

Flows. 

All  wells  mentioned  above  except  the  first  one  were  drilled  by  J.  B. 
Cunningham,  Clifton ville,  Miss.,  and  the  records  were  obtained  from 
him.  The  well  drillers  fail  to  make  anv  distinction  between  the  lower 
Selma  and  the  upper  Eutaw,  so  that  their  records  can  not  be  depended 
upon  for  determining  the  thickness  of  the  Selma. 

A  sample  of  sandy  limestone  was  obtained  from  the  mouth  of  James 
Creek,  on  Tombigbee  River.  Along  the  Tombigbee  at  the  mouth 
of  James  Creek  there  is  an  exposure  of  a  green-sand  clay  containing  a 
large  amount  of  lime.  Fifty  feet  above  the  river,  li  miles  west  of 
the  mouth  of  James  Creek,  another  sample  of  limestone  was  collected. 
The  limestone  here  is  similar  in  color  and  general  aspect  to  that  on 
Tombigbee,  except  that  it  has  less  green  sand. 

Farther  west  the  limestone  rarely  shows  at  the  surface.  It  is  clayey 
in  character  and  easily  dissolved  by  the  weathering  agents,  so  that  it 
breaks  down  into  soil  faster  than  it  is  carried  away  b}^  erosion. 

At  Clif tonville,  which  is  75  feet  above  Tombigbee  River  (barometric 
reading),  there  is  a  hard  cap  rock,  2  to  4  feet  thick,  found  on  top  of 
the  hills  in  the  vicinity  of  the  town.  This  a  hard  'Mime"  rock,  sim- 
ilar to  that  found  at  Prairie  Point. 

Below  this  hard  cap  rock  comes  what  is  called  the  "  blue  rock."  A 
sample  of  it  seen  at  a  well  dug  years  ago  shows  that  it  is  similar  to  the 
rock  at  Cunningham  Hill,  except  that  it  contains  no  sand.  Where 
the  blue  rock  comes  to  the  surface  it  forms  a  belt  of  the  richest  soil  in 
the  prairie  region.  The  soil  is  very  deep,  black,  and  loose.  More 
cotton  and  corn  are  raised  to  the  acre  here  than  in  any  other  section 
of  the  State. 

West  of  this  region  the  land  becomes  higher,  and  the  Lafayette 
occupies  the  surface  on  the  ridges. 

Six  miles  north  of  Macon,  on  the  Macon  and  Columbus  road,  the 
limestone  begins  to  show  at  the  surface  in  small  gullies.  The  rock  is 
harder  than  the  blue  rock  along  the  Tombigbee,  and  therefore  occurs 
more  frequently. 

A  sample  collected  from  this  locality  by  A.  F.  Crider  was  analyzed 
by  W.  S.  McNeil  in  the  laboratory  of  the  United  States  Geological 
Survey. 
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Ajialysis  ofSelma  limestone  from  localUy  north  of  Maoon,  Miss. 

Silica  (SiO,) 8.52 

Alumina  (Al,Os) \     q  qq 

Iron  oxide  (FejO,) J 

Lime  carbonate  (CaCOj) 83.88 

Magnesium  carbonate  (MgOOj) 00 

Water LOO 

Farther  south,  along  the  Macon  and  Columbus  road,  the  limestone 
begins  to  show  in  every  gully  and  on  every  hillside.  At  some  places 
on  level  ground  the  soil  is  not  over  12  inches  deep.  In  this  vicinity  are 
the  bald  prairies,  where  large  areas  of  this  white  limestone  are  exposed 
without  a  particle  of  soil  or  a  blade  of  grass.  A  sample  of  the  rock 
was  taken  3  miles  north  of  Macon. 

A  sample  of  Selma  limestone  was  taken  at  a  point  north  of  Lime 
Rock,  5  miles  east  of  Shuqualak,  on  Oaknoxubee  River,  where  a  bluff 
60  feet  high  is  composed  of  typical  Selma  chalk.  The  following  anal- 
ysis of  this  sample  was  made  by  W.  S.  McNeil,  in  the  laboratory  of 
the  United  States  Geological  Survey: 

Analysis  of  Selma  limestone  from  near  Shuqualakf  Miss, 
Silica  (SiOj) 8.06 

Alumina  (AlgOs) - \  5  94 

Iron  oxide  (FejOj) / 

Lime  carbonate  (CaCOj) 84.61 

Magnesium  carbonate  (MgCOs) 06 

Water 1.32 

The  Tombigbee  River  at  Columbus  has  cut  its  channel  into  the  Eutaw 
sands,  forming  a  bluff  on  the  east  side  90  feet  high.  The  material 
composing  the  bluff  here  is  a  sand  that  is  greenish  when  wet  and  gray 
when  dry.  It  contains  a  small  amount  of  lime  carbonate.  At  the 
upper  part  of  the  bluff  the  sands  are  of  lighter  color,  and  at  the  top 
are  of  a  light  golden  yellow.  This  was  the  color  of  sand  when  depos- 
ited, and  is  not  due  to  oxidation.  Numerous  little  branching  concre- 
tions, which  are  perhaps  some  kind  of  badly  preserved  fossils,  occur 
in  the  lower  portion  near  the  water.  The  upper  part  of  the  sands 
contain  two  species  of  large  oysters,  which  also  occur  in  the  Selma. 
The  river  at  the  town  is  now  hugging  the  east  bluff,  and  the  bottom, 
which  is  3  miles  wide,  is  all  on  the  west  side.  A  short  distance  above 
the  town,  however,  the  reverse  is  true,  the  bluff  being  on  the  west 
side  and  the  bottom  on  the  east. 

At  the  west  edge  of  the  bottom  the  heavy,  black  prairie  soils  of  the 
Selma  chalk  appear  as  soon  as  the  little  hills  are  reached.  The  bottom 
extends  northward  to  the  little  creek  that  flows  northeastward  into  the 
river  3  miles  above  the  town. 

At  a  distance  of  4  miles  above  town  the  bluff  on  the  west  side  of  the 
river  reaches  about  the  same  height  above  the  stream  as  the  bluff  at 
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Columbus.  It  extends  for  1  mile  along  the  river  as  a  perpendicular 
cliff  that  affords  a  fine  section  of  the  upper  Eutaw  and  the  base  of  the 
Selnia.  At  the  top  of  the  bluff,  the  low  hills  on  the  west  come  down 
to  the  river.  The  same  heavy,  black  prairie  soils  which  come  within 
3  miles  of  the  river  due  west  of  Columbus,  here  come  down  to  the 
edge  of  the  bluff. 

The  following  is  a  section  of  the  bluff  obtained  where  the  road  comes 
down  to  the  river: 

Section  of  bluff  of  Tomhigbee  River  S  milee  west  of  ColumbiMf  Miss. 

Lafayette  at  top. 

Selma:  Feet.    In. 

*'BIue  rock''  of  the  Selma;  a  white  to  gray  joint  clay  containing  less 
sand  at  top  than  at  bottom.    In  its  un weathered  condition  the  clay  is 

pale  blue,  with  green  and  black  sand 10      8 

Eutaw: 

Green  sand,  highly  calcareous,  and  containing  numerous  large  oysters. .      9      5 
Indurated  ledge  of  greensand,  calcareous,  and  containing  same  fossils 

as  No.  9 8    12 

Lighter  colored  sand,  containing  very  few  small  fossils  but  no  large 

ones 7    14 

Green  sand,  nonfossiliferous 6      6 

Slightly  fossiliferous,  gray  micaceous  sand 5      5 

Indurate  ledge,  slightly  fossiliferous  sand 4    10 

Green  sand,  containing  same  large  oysters  as  No.  9 3      4 

Indurate  ledge 2      8 

Fossiliferous  greensand  to  the  water's  edge 1      4 

The  pmirie  soil  of  the  Selma  extends  to  the  river  north  of  Columbus, 
but  is  not  found  east  of  the  river.  From  Columbus  south  to  the  south 
side  of  M.  C.  Gower's  creek  on  the  west  side  of  the  river  the  Tombigbee 
bottom  ranges  in  width  from  2  to  4  miles.  South  of  this  creek  the 
bottom  changes  again  to  the  east  side,  and  the  Selma  extends  to  the 
river. 

At  the  mouth  of  James  Creek  the  same  joint  claj'  that  is  seen  above 
Columbus  occui*s  on  the  east  bank  of  the  creek,  about  10  feet  above 
the  water's  edge. 

Eight  miles  east  of  Columbus,  on  the  Columbus  and  Tuscaloosa 
road,  the  hills  of  the  Tuscaloosa  formation  first  appear.  On  the  hill 
near  the  8-mile  post  the  highly  stratified  clay,  interbedded  with  various 
colored  sands,  outcrops  on  the  side  of  the  road. 

At  Stiens  Station  the  creek  is  cutting  into  the  Eutaw  sands. 

Where  the  road  crosses  Yellow  Creek  the  foundation  of  the  bridge 
is  built  on  the  compact  sand,  which  here  is  of  a  deep-gray  color  and 
very  homogeneous  in  character. 

One  mile  south  of  Strongs,  on  the  Illinois  Central  Railroad,  on  the 
Monroe  and  Clay  line,  the  luilroad  has  cut  into  the  Selma  clay  to  a 
depth  of  15  feet. 
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Eutaw  sands  extend  west  of  the  town  of  Aberdeen  for  2  miles. 
Here  the  post-oak  lands  begin,  and  the  regular  prairie  soils  one-half 
mile  farther  west.  There  are  no  outcrops  of  Selma  from  Aberdeen 
to  Prairie  Station.  The  first  outcrop  found  northwest  of  Aberdeen  is 
at  Strongs.  Outcrops  of  Selma  *here,  as  farther  south,  are  very  few 
on  the  east  edge  of  Selma. 

The  following  analysis  of  a  sample  of  the  Selma  chalk  from  near 
Okolona,  Chickasaw  County,  Miss.,  is  an  old  one,  made  by  Doctor 
Hilgard."  Of  the  material  reported  as  "  insoluble,"  probably  about 
two-thirds  was  silica,  the  remainder  being  alumina  and  iron  oxide. 

Analysis  of  limestone  from  Okolona,  Miss, 

Insoluble  (mostly  silica,  SiO,) 10.90 

Alumina  (Al^Oa) '. , 1..96 

Iron  oxide  (Fe^Oa) !•  '♦Z 

Lime(CaO) 646.79 

Magnesia  (MgO) «.88 

Alkalies  (KA  Na,0) *. 57 

Carbon  dioxide  (CO,) 36.73 

Water  and  organic 2. 84 

TERTIARY  LIMESTONES  (VICKSBURG    LIMESTONE). 

A  narrow  belt  of  limestone  of  Tertiary  age  crosses  the  State  in  a 
direction  a  little  north  of  west,  from  near  Waynesboro  to  Vicksburg. 
This  is  the  Vicksburg  limestone,  which  is  equivalent  to  the  upper 
part  of  the  St.  Stephens  limestone  of  Alabama.  The  relations  which 
exist  may  be  indicated  as  follows: 

Mississippi.  Alabama. 

Vicksbarg  limestone 1     ^a.  ax     u        i- 

T    ,  ,        ,    ,  >=St.  Stephens  limestone. 

Jackson  marls  and  clays. .) 

A  very  detailed  description  of  the  characters  and  composition  of  the 
St.  Stephens  limestone,  as  shown  in  its  Alabama  outcrop,  is  given  by 
Doctor  Smith  on  pages  77  to  81  of  this  bulletin,  while  on  PI.  II  the 
outcrop  across  Alabama  and  Mississippi  of  the  St.  Stephens  and  the 
Vicksburg-Jackson  is  indicated. 

In  Mississippi  the  Vicksburg  liknestone  usually  outcrops  in  a  low 
ridge  that  trends  generally  a  little  north  of  west.  The  southern  slope 
of  this  ridge  is  gentle,  but  its  northern  face  is  a  sharp  declivity,  which 
makes  it  easy  both  to  locate  the  outcrop  and  to  quarry  the  limestone. 

The  Vicksburg  limestone  carries  usually  from  80  to  95  per  cent  of 
lime  carbonate,  with  ver^'^  little  magnesium  carbonate.  Occasionally, 
however,  more  clayey  phases  are  encountered,  but  in  general  this 
formation  may  be  everywhere  regarded  as  a  possible  source  of  Port- 
land cement  material. 

a  Report  on  the  Geology  of  Mississippi,  p.  101.    1860. 

b Equals  lime  carbonate  (CaCOa),  81. 77. 

c  Equals  magnesium  carbonate  (MgCOs),  1. 84. 
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The  analysis  below,  by  Mr.  G.  T.  Hetherington,  was  recently  made 
on  a  sample  taken  several  miles  south  of  Jackson,  Hinds  County: 

Analygis  of  Vicksburg  limestone  from  near  Jacksony  Miss, 
Silica  (8iO,) 9.63 

Alumina  (AlA) 2.73 

Iron  oxide  (Fej,Oj) 2.76 

Lime  (CaO) 45.95 

Magnesia  (MgO) .99 

Alkalies  (K A Na,0) , .95 

Sulphur  trioxide  (SO3) 36 

Carbon  dioxide  (COj) \ 

Water r'^ 

This  corresponds  to  a  content. of  about  81  per  ctat  lime  carbonate; 
and  as  the  rock  is  otherwise  satisfactory,  the  addition  of  a  little  clay 
will  make  a  suitable  Portland  cement  mixture. 

The  analyses  below  were  published  in  the  early  reports  of  the 
Mississippi  Geological  Survey.  The  last  two,  and  perhaps  the  other 
three  also,  were  made  by  Dr.  E.  W.  Hilgiard. 

Analyses  of  Vicksburg  limestones  from  Mississippi. 


Rilica(SiO,) 

Alumina  ( Al^) 

Iron  oxide  (Fe,Os)  ... 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (K A  Na,0). 
Sulphur  trioxide  (SO,) 
Carbon  dioxide  (CO^) 
Water 


1 

2 

8 

4 

6.30 

15.05 

9.20 

2.03 

}    7.20 

5.36 

6.65 

2.12 

48.44 

44.58 

47.12 

52.47 

n.d. 

n.d. 

n.d. 

.67 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

38.06 

35.02 

37.03 

41.53 

n.d. 

n.d. 

n.d. 

1.10 

12.31 
2.70 

43.93 

1.69 

.79 

1.27 

34.72 
2.40 


l-S.  Red  Hills,  Wayne  County.    Harper,  Report  on  Qeology  of  MlfBiasippl.  1857,  p.  166. 

4.  Brandon,  Rankin  County.    Hileard,  Report  on  Ueologv  of  MLBaissippf,  1860. 

5.  Byram,  Hlnda  County.    Hilgard,  Report  on  Geology  of  Miflsiaaippl,  1860. 


PORTIiANI>-CEMENT  RESOURCES  OF  MISSOURI. 


PORTLAND-CEMENT   MATERIALS. 


Two  large  Portland-cement  plants  are  now  in  operation  in  Missouri, 
and  it  seems  probable  that  this  State  will  soon  become  an  important 
factor  in  the  cement  production  of  the  United  States.  This  proba- 
bility of  high  rank  as  a  cement  producer  is  due  to  the  fact  that  the 
thickest  and  purest  limestones  of  the  State  outcrop  along  the  banks 
of  the  Mississippi  and  Missouri  rivers.    Plants  located  on  these  lime- 
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stones  are  therefore  assured  of  cheap  fuel  and  water  and  rail  trans- 
portation to  a  number  of  important  cement  markets. 

The  Missouri  limestones  which  are  best  adapted  for  use  as  Portland- 
cement  materials  are  of  Mississippian  and  of  Trenton  (Ordovician  or 
Lower  Silurian)  age.  The  Cambrian  limestones,  which  cover  nearly  all 
of  southeastern  Missouri,  are  almost  alwa^^s  too  high  in  magnesia  to 
be  worth  considering  in  this  connection.  The  nonmagnesian  Silurian 
limestones  occurring  along  the  Mississippi  between  Chester,  111.,  and 
Cape  Girardeau,  Mo.,  however,  are  worth  investigation. 

The  geologic  relations  of  these  limestones,  and  of  the  shales  and 
clays  which  will  be  required  for  mixture  with  them,  are  indicated  in 
the  following  table.  This  table  shows  the  portion  of  the  geologic 
column  of  Missouri  that  is  of  interest  in  this  connection,  the  oldest 
rocks  being  those  placed  at  the  bottom. 

Portion  of  geologic  column  of  Missouri. 


Carboniferous. 


Upper  Ordovician. .. 


Quaternary Loess  and  surface  clays. 

Upper  (Doal  Measures Shales,  sandstones,  etc. 

Lower  Coal  Measures Coal  beds,  shales,  etc. 

Mississippian Limestones,  sandstones,  and 

shales. 

Devonian Dark-colored  shales. 

Silurian Magnesian  limestones  in  part. 

Girardeau  limestone Shale  and  sandstone. 

Thebes  formation,  or  late  Ordo- 
vician shale Shale  and  sandstone. 

Trenton Limestone. 

Lower  Ordovician  and  Cambrian Magnesian  limestones,   sand- 
stone, etc. 

The  formations  listed  above  will  now  be  described  in  order,  from 
the  Trenton  upward,  attention  being  paid  mainly  to  the  Trenton  and 
Mississippian,  which  contain  most  of  the  nonmagnesian  limestones 
occurring  in  the  State.  A  detailed  map  showing  the  geology  of  north- 
eastern Missouri  is  given  as  PI.  IX.  In  the  following  descriptions 
attention  will  be  paid  chiefly  to  their  distribution  and  composition 
of  the  formations  in  the  area  covered  by  this  detailed  map,  for  it  is 
in  this  portion  of  Missouri,  along  or  near  Mississippi  River,  that 
the  best  prospects  for  a  Portland-cement  industry  exist.  Southeastern 
Missouri,  as  already  noted,  has  practically  no  limestones  fit  for  use 
as  Portland-cement  materials,  except  along  the  Mississippi  River  to 
Cape  Girardeau.  The  western  half  of  Missouri  contains  extensive 
areas  of  Mississippian  limestones,  but  a  cement  plant  located  in  that 
portion  of  the  State  would  be  brought  into  direct  competition  with  the 
existing  Kansas  plants,  which  have  the  advantage  of  a  cheap  fuel — 
natural  gas. 
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TRENTON  LIMESTONE. 
DISTRIBUTION. 


The  Trenton  limestone  occurs  in  two  separate  areas  in  eastern  Mis- 
souri, both  of  which  are  well  located  with  re^^rd  to  railroad  and 
water  transportation. 

The  smaller  of  these  areas  lies  in  Halls,  Pike,  and  Lincoln  counties, 
the  limestone  outcropping  as  a  belt  1  to  3  miles  wide,  commencing 
near  Spalding,  Ralls  County,  and  running  southeastward  to  Missis- 
sippi River,  which  it  reaches  at  a  point  near  Busch,  about  10  miles 
south  of  Hannibal.  From  this  point  southward  the  Trenton  lime- 
stone belt  follows  the  river  to  near  Cap  au  Gris,  Lincoln  County, 
where  it  turns  sharply  back  in  a  northwesterly  direction  to  within  a 
few  miles  west  of  Edgewood,  Pike  County. 

The  second  and  much  larger  belt  commences  in  southern  Callaway 
County,  and  runs  eastward  parallel  to  and  a  few  miles  north  of  Mis- 
souri River,  through  Montgomery,  Warren,  and  St.  Charles  counties. 
This  belt  reaches  the  Missouri  River  at  Hamburg,'  St.  Charles  County, 
and  turns  southeastward  through  St.  Louis  and  Jefferson  counties, 
reaching  the  Mississippi  River  at  Kimmswick.  From  this  point  south 
to  Cape  Girardeau  the  limestone  follows  the  river  closely,  appearing 
either  in  the  bluffs  or  only  a  few  miles  west  of  them. 


COMPOSITION. 


The  Trenton  limestones  are  usually  bluish  to  gray  colored  in  the 
lower  part,  and  light  colored — sometimes  almost  white — in  the  upper 
part,  with  occasional  thin  beds  of  shale  or  earthy  limestone  between 
these  two  parts.  As  shown  by  the  analyses  in  the  following  table, 
they  are  usually  low  in  magnesia,  and  though  occasional  beds  may 
show  6  to  10  per  cent  of  magnesium  carbonate  the  mass  of  the  forma- 
tion may  be  regarded  as  being  suitable  for  use  as  a  Portland-cement 
material. 

Analyses  of  Trenton  limestone  from  Missouri.  « 


Silica  (SiO,) 

Alamina  ( A1,0,) 

Iron  oxide  ( FejOj) 

Lime  carbonate  (CaCOg). 

Magnesium    carbonate 
^gCO,) I    .45 


2 


0.35 
I  .35 
97.75 


12. 15 

.45 

S6.00 

.46 


2.25 
.30 


6.96 


0.45 
.65 


6.00 
1.05 


8 


9 


10 


89.4097.2082.55 


.46 


9.27 


1.00 


.55 


0.46  0.70  0.a5 


.40     .251     .30 


96. 40  98. 60  97. 40  97.  75  96.  75 


.42 


.34     .42 


0.55 
.60 


.  27|     .  27 


1.  Dorenheim  qaarry,  St.  Paul.  St.  Louis  Coanty. 

2.  Thorn  &  Hunkin  quarrv,  Minck  station.  St.  Louis  County. 

3.  Glencoe  Company,  south  quarry,  Glencoe,  St.  Louis  County. 

4.  Glencoe  Company,  middle  quarry,  Glencoe,  St.  Louis  County. 
5-10.  Glencoe  Company,  north  quarry,  Glencoe,  St.  Louis  County. 

a  These  analyses  are  from  Bulletin  No.  8,  Missouri  Geol.  Survey,  pp.  77-79,  1890.    The  quarries  ar< 
named  aocording  to  their  owners  at  that  date.    The  analyses  were  all  made  by  A.  E.  Woodward. 
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LATE  ORDOVICIAN  SHALE. 

This  formation  is  composed  largely  of  bluish  to  greenish  shales, 
often  containing  a  large  precentage  of  lime.  North  of  Lincoln  County 
thin  bands  of  pure  limestone,  varying  from  a  few  inches  to  a  few  feet 
in  thickness,  are  usually  interbedded  with  the  shales.  These  limestone 
bands  become  more  numerous  and  thicker  as  the  base  of  the  formation 
is  approached.  The  formation  varies  from  0  to  over  100  feet  in  thick- 
ness, and  immediately  overlies  the  Trenton  limestones.  In  its  expo- 
sures near  Mississippi  River,  in  Ralls,  Pike,  and  Lincoln  counties,  it 
is  usually  overlain  either  by  Devonian  shales  or  by  the  great  series  of 
Mississippian  limestones  described  on  a  later  page.  The  following 
analysis  is  of  a  specimen  of  this  shale  from  near  the  base  of  the  river 
bluff  at  Louisiana,  Pike  County: 

Analym  of  Hudson  shaieBfrom  Louisiana^  Pike  County ^  Mo.^ 

Silica  (SiO,) 57.01 

Alumina  (AlA) ----  24.43 

Iron  oxide  ( Fe,Os ) 5. 77 

Lime  (CaO) 1.40 

Magnesia  (MgO) 49 

Alkalies  (KA  Na^O) 3.81 

Combined  water 7. 20 

Moisture ^ 43 

DEVONIAN  FORMATIONS. 

In  the  northeastern  portion  of  Missouri  (see  PI.  IX)  a  series  of 
dark-colored  shales  of  Devonian  age  appears  in  places  above  the 
Hudson  shales  and  below  the  Mississippian  limestones.  These  Devo- 
nian shales  vary  from  10  feet  or  less  to  50  feet  in  thickness.  At 
Louisiana,  Pike  County,  8  feet  of  Devonian  shales  appear  in  the  river 
bluffs,  overlying  the  Hudson  shale,  whose  analysis  is  given  in  the 
preceding  table.  In  Jefferson  County,  as  at  Sulphur  Springs,  similar 
shales  occur  resting  on  the  Trenton  limestone,  but  their  distribution 
is  very  irregular. 

MISSISSIPPIAN  ("LOWER  CARBONIFEROUS")  LIMESTONES  AND  SHALES. 

DISTRIBUTION. 

The  Mississippian  limestones  are  the  surface  formations  over  almost 
one-fourth  of  the  entire  area  of  Missouri.  Their  three  most  promi- 
nent areas  of  outcrop  are  along  the  Mississippi  and  Missouri  rivers 
and  in  southwestern  Missouri.  These  three  areas  are  connected  by 
narrow  bands  of  outcrop  so  as  to  really  form  portions  of  one  large 
area,  but,  for  convenience,  they  will  be  discussed  separately.     The 

a  Miflsouri  Qeol.  Survey,  vol.  11,  p.  404. 
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Mississippi  River  area,  which  is  the  most  promising  of  the  three  as  a 
source  of  cement  material,  will  be  discussed  last  and  in  greater  detail 
than  the  others. 

In  southwestern  Missouri  the  Mississippian  limestones  form  the 
surface  of  the  greater  part  of  McDonald,  Newton,  Jasper,  Barry, 
Lawrence,  Stone,  Christian,  Greene,  Dade,  and  Cedar  counties,  and 
also  the  southwestern  half  of  Polk  and  smaller  portions  of  Barton, 
St.  Clair,  Hickory,  and  Benton  counties.  This  extensive  limestone 
area  is  ti'aversed  by  numerous  railroads,  but  the  competition  of  Kansas 
plants  usin^  natural  gas  for  fuel  would  probably  make  a  cement  plant 
located  in  southwestern!  Missouri  unsuccessful. 

Another  area  of  Mississippian  limestones  is  on  and  near  the  Missouri 
River.  In  this  area  the  limestones  cover  most  of  Pettis,  Saline,  and 
Cooper  counties,  on  the  south  side  of  the  river,  while  they  outcrop 
continuously  along  the  north  bank  of  the  river  from  Miami  station, 
Carroll  County,  through  southern  Howard  County,  to  below  Roche- 
port,  Boone  County.  The  limestone  belt  then  leaves  Missouri  River 
and  turns  northeastward,  through  Boone,  Callaway,  and  Montgomery 
counties,  to  join  the  Mississippi  River  limestone  belt  discussed  below. 

A  very  extensive  and  important  area  of  Mississippian  limestones 
occurs  in  northeastern  and  eastern  Missouri,  along  Mississippi  River. 
This  belt  covers  the  eastern  half  of  Clarke,  all,  or  almost  all,  of  Lewis, 
Knox,  Shelby,  Marion,  Monroe,  Ralls,  Pike,  Lincoln,  and  St.  Charles 
counties,  and  portions  of  Montgomery,  Warren,  St.  Louis,  JeflFerson, 
Ste.  Genevieve,  and  Perry  counties.  The  distribution  of  the  lime- 
stones in  these  counties  is  shown  in  detail  in  the  geologic  map  of 
northeastern  Missouri  (PL  IX). 

The  limestones  appear  continuously  in  the  river  bluffs  or  in  stream 
cuts  along  the  west  bank  of  the  Mississippi,  from  the  Iowa  State  line 
to  a  point  about  10  miles  south  of  Hannilml.  Here  the  Mississippian 
limestones  leave  the  river  for  some  distance,  Silurian  rocks  appearing 
in  the  bluffs  from  below  Saverton  to  Cap  au  Gris.  At  Cap  au  Gris 
the  limestones  again  appear,  and  form  the  river  bluffs  as  far  south  as 
Kimmswick,  in  Jefferson  County.  Ordovician  rocks  then  appear  on 
the  river  bank  for  a  space  of  about  12  miles,  but  about  5  miles  below 
Crystal  City  the  Mississippian  limestones  reappear  in  the  bluffs  and 
show  almost  continuously  to  a  point  less  than  a  mile  south  of  Witten- 
berg, Perry  County,  where  they  finally  disappear. 

COMPOSITION, 

The  Mississippian  rocks  of  Missouri  include  several  thick  limestone 
formations,  with  at  least  one  thick  series  of  shales.  The  limestones^ 
as  shown  in  a  table  of  analyses  below,  are  almost  invariably  good 
Portland-cement  materials. 
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The  following  section  is  exposed  in  the  river  bluffs  at  Louisiana, 
Pike  County: 

Section  of  river  bluff  at  LouiMana,  IHke  County j  Mo. 

Feet. 

Surface  clay,  yellow 10 

Mississippian: 

Burlington  limestone 70 

Shale,  sandy 10 

Hannibal  shale,  olive 70 

Louisiana  limestone 50 

Devonian  shale,  dark,  slaty 8 

Silurian: 

Limestone 15 

Hudson  shale,  blue 60 

An  analysis  of  the  Hannibal  shale  from  this  locality  will  be  found 
in  the  table  on  page  225. 

Analyses  of  Mississippian  limesUmes^  Missouri. 


Number. 

Silica 
(Si0«). 

Alumina 
(AljOa). 

Iron  oxide 
(Fe«03). 

Lime  car- 
bonate 
(CaCOa). 

Magnesium 

carbonate 

(MgCOa). 

1 

1.10 

2.00 

4.35 

1.24 

4.05 

2.86 

3.20 

5.77 

4.71 

2.47 

.72 

.15 

.08 

0.40 
.40 

L75 
.37 
.37 
.35 
.40 
.43 
.22 
.31 
.60 

94.00 
95. 15 
77.95 
97.71 
93.21 
89.26 
93.20 
89. 95 
94. 15 
92.  30 
98.06 
99.64 
98.80 

3.18 

2 

.64 

3 

14.84 

4 

.68 

5 

6 

.79 
4.73 

7 

1.44 

8 

2.23 

9 

1.48 

10 

1.88 

11 

.61 

12 

.21 

13 

.40 

.a5 

1 

1.  Valley  Park  railroad  cut,  St.  Louis  County.    Missouri  Geol.  Survey,  Bull.  3,  p.  77. 

2.  Vigua  station  quarry,  St.  Louis  County.    Ibid. 

3.  St.  Louis,  St.  Louis  County.    Ibid. 

4.  Goetz  quarry,  Bartold  Valley,  St.  Louis  County.    Ibid. 
5-6.  Workhouse  quarry,  St.  Louis  County.    Ibid. 

7-8.  Lorentz  quarry,  near  Cahokia  street,  St.  Louis,  St.  Louis  County.    Ibid.,  p.  76. 
9-10.  Quarry,  foot  of  Barton  street,  St.  Louis.  St.  Louis  County.    Ibid. 

11.  Carthage  Marble  Co.    W.  B.  Potter,  analyst. 

12.  Star  Lime  Co.'s  quarry,  near  Hannibal,  Marion  County.    Twentieth  Ann.  Kept.  U.  S.  Geol.  Sur- 
vey, pt.  6,  p.  415. 

13.  Hannibal  Lime  Co.'s  quarry,  near  Hannibal,  Marion  County.    Ibid. 
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Analyses  of  Missisttippian  shales^  Missouri. 


Silica  (SiO,) 

Alumina  (A  1,0s) 

Iron  oxide  ( Fe,Oj) . . 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (K,0,  Na,0) 

Combined  water 

Moieture 


1 

75.70 

9.61 

1.79 

2.54 

2.11 

2.65 

6.16 

n.  d. 

56.82 
24.48 
3.82 
.83 
1.81 
3.80 
8.16 
n.  d. 


8 

4 

6 

6 

46.26 

49.69 

59.97 

55.84 

10.26 

17.40 

21.15 

22.78 

2.65 

4.01 

5.20 

5.24 

11.08 

8.07 

1.55 

.  .73 

7.84 

4.16 

1.10 

1.26 

3.17 

2.73 

3.88 

4.10 

018.02 

13.37 

5.71 

9.84 

n.  d. 

1.16 

1.25 

n.  d. 

a  Probably  includes  COj.— E.  C.  E. 

1.  HanDlbal,  Marion  County.    Miflsouri  Oeol.  Surrey,  vol.  2,  p.  400. 

2.  HumanBvllle.  Polk  County.    Ibid.,  p.  406. 

3.  Aldrich,  Polk  County.    Ibid.,  p.  407. 

4.  Barrett.  St.  Louis  County.    Ibid.,  p.  422. 

6.  Ste.  Qenevleve,  Ste.  Genevieve  County.    Ibid.,  p.  417. 
6.  Joplin,  Jasper  County.    Ibid.,  p.  392. 

PENNSYLVANIAN  {''COAL  MEASURES")  LIMESTONES  AND  SHALES. 

Almost,  all  of  northern  and  western  Missouri  is  covered  bv  the 
Pennsy Iranian  series  ("Coal  Measures"),  which  overlie  the  Mississip- 
pian  rocks  last  described.  The  Pennsylvanian  series  consists  of  thick 
series  of  shales  and  sandstones,  with  occasional  thin  beds  of  limestone 
and  numerous  eoal  seams.  In  the  present  connection  this  geologic 
series  is  of  interest  chiefly  as  a  source  of  fuel  and  shales,  though  it  is 
possible  that  some  of  its  limestones  may  be  also  of  value  as  cement 
materials. 

The  following  analysis  is  of  a  limestone  which  overlies  the  Meadows 
coal  seam  in  Lincoln  County.  This  limestone  bed  varies  in  thick- 
ness from  4  to  6  feet.  As  shown  by  the  analysis,  it  is  highly  sili- 
ceous, though  very  low  in  magnesia.  Judging  from  experience  else- 
where, the  Pennsylvanian  limestones  will  probably  be  found  in  most 
cases  sufficiently  low  in  magnesia  to  be  available  for  use  as  Portland- 
cement  materials.  They  occur  almost  invariably  in  thin  beds,  how- 
ever, and  it  is  usually  necessary  to  excavate  them  by  mining.  Their 
common  advantage  is,  of  course,  that  they  are  found  in  close  proximity 
to  coal  beds  and  to  shales. 

AnalyfM  of  Peniisylvanian  limestone j  }fiss(niri.^ 

Silica  (SiO.) 21.  a5 

Iron  oxide  (FejOj) 1.  79 

Lime  (CaO) 42.16 

Magnesia  (MgO) 66 

Carbon  dioxide  (CO,) .U.  14 


a  Lincoln  County.    Chauvenet,  analyHt.    Rept.  Mifnouri  Oeol.  burvey,  I87J,  p.  287. 
Bull.  243—05 15 
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1 

AncUyses  c 

[/■  Pennsyi 

^ranian  shales^  Missouri. 

Number. 

SilicA 

(SiOs). 

Alumina 

(AljO,). 

18.20 
15.76 
23.61 
17.97 
23.11 
21.35 
25.96 
23.62 
30.50 
22.50 
20.63 

Iron 

oxide 

(FejOa). 

Lime 
(CaO). 

Magnesia 
(MgO). 

Alkalies 
(KaO. 
NaaO). 

Combined 
water. 

Moisture. 

1 

60.70 
59.96 
54.57 
56.86 
63.11 
60.12 
54.69 
53.24 
58.50 
54.03 
55. 96 

7.58 
7.72 
7.88 
9.35 
1.79 
7.06 
4.97 
9.02 
2.34 
7.90 
8.12 

2.68 
.60 
.52 

1.67 
.42 
.82 
.18 

1.17 

1.20 
.85 

1.91 

Trace. 
0.93 
1.48 
1.12 

.70 
1.08 

.15 
1.41 

.51 
2.70 
1.96 

3.67 
3.66 
3.55 
2.61 
3.71 
3.43 
3.58 
4.38 
.30 
4.12 
3.  34 

6.77 
7.70 
6.67 
6.96 
7.05 
6.32 
8.90 
6.94 
6.74 
7.54 
7.32 

n.  d. 

2 

4.00 

3 

1.03 

4 

2.45 

5 

6 

7 

8 

9 

10 

11 

.40 



1.  Prospect  Hill,  St.  Louis  Ctounty.    R.  Chauvenet,  analyst.    Mlsnouri  Geol.  Survey,  vol.  11,  p.  419. 
2,3.  Laclede  Hre-clay  mine,  Cheltenham,  St.  Louis  County.    Ibid.,  p.  421. 

4.  HuntsviUe,  Randolph  County.    Ibid.,  P-  411. 

5.  Billings,  Christian  County.    Ibid.,  p.  375. 

6.  Deepwater,  Henry  County.    Ibid.,  p.  887. 

7.  Clinton.  Henry  County.    Ibid.,  p.  882. 

8.  Boonville,  Cooper  County.    Ibid.,  p.  377.  , 

9.  Lakenan,  Shelny  County.    Ibid.,  p.  424. 

10.  I^xington,  Lafayette  Count  v.    Ibid.,  p.  395. 

11.  Foster,  Bates  County.    Ibid.,  p.  369. 

LO£cV.S  AND  SURFACE  CLAYS. 

Along  the  banks  of  Mississippi  and  Missouri  rivers  thick  deposits 
of  loess  cla3^8  occur  in  the  river  bluffs.  These  are  fine-grained  clays, 
carrying  a  considerable  percentage  of  very  fine  sand,  and  will  be 
valuable  for  use  at  cement  plants  located  near  these  rivers.  Smaller 
local  deposits  of  surface  clays  also  occur  all  over  the  State.  The  table 
below  contains  analyses  of  representative  clays  of  both  types: 

Analyses  of  loess  and  surface  clays^  Missouri, 


SilicA  (SiOj ) 73. 92 

Alumina  ( AlA) \\\.^ 

Iron  oxide  ( FeA) -  - '  4.  74 

Lirae  (CaO) ,  1.43 

Magnesia  (MgO) |    .60 

Alkalies  ( K,0,  Na,0) I  3. 13 

Combined  water '  3. 08 

Moisture i 


2 

8 

4 

6 

6 

7 

73.80 

72.00 

71.11 

74.39 

61.19 

62.80 

13.19 

11.97 

11.62 

12.03 

15.48 

17.22 

3.43 

3.51 

3.90 

4.06 

5.49 

5.21 

.86 

1.80 

2.37 

1.50 

1.95 

.98 

.68 

1.35 

1.47 

1.53 

1.56 

.78 

2.94 

3.25 

3.14 

3.01 

2.82 

3.63 

5.26 

6.42 

6.71 

3.17 

9.02 

7.82 

1 

3.11 

2-06 

1 

1 

8 

54.1)0 

i8.o;i 

6.03 

2.88 

1.10 

3.40 

6.90 

.  6.  72 

1.  Loc«ffl  clay,  St.  Louis,  St.  Louis  County.    Miasouri  Geol.  Survey,  vol.  2,  p.  486. 

2.  I>(>0H8clHy,  UannibHl,  Marion  Crmnty.    Ibid. 

3.  Lofss  flay,  KanHa.H  City,  Jaokson  County.    Ibid. 

4.  LocN-s  clay,  B<K)nville,  ('ooper  County.    Ibid. 

5.  Loess  clay,  JeflferHon  City,  C-ole  County.    Ibid. 

6.  (rumtio  clay.  Elm  Poiiit,  St.  Charles  Cimnty.    Ibid.,  p.  M8. 

7.  GuinfK)clay,  Clifton,  Randolph  County,     ibid.,  j).  547. 

8.  Gumbo  clay,  Nortwrne,  Carroll  County.    Ibid.,  p.  &16. 
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PORTLAND-CEMENT  INDUSTRY  IN  MISSOURI. 

Prior  to  the  year  1902  no  Portland-cement  plants  existed  in  Mis- 
souri. In  that  year,  however,  the  St.  Louis  Portland  Cement  Com- 
pany commenced  operations,  while  in  1903  the  Atlas  Portland  Cement 
Company  began  shipping.  Several  other  plants  have  been  planned, 
but  at  present  the  two  above  named  are  the  only  ones  in  operation. 

The  plant  of  the  St.  Louis  Portland  Cement  Company  is  located  at 
Prospect  Hill  station,  near  the  northern  limits  of  the  city  of  St.  Louis. 
The  limestone  used  is  of  Mississippian  age,  and  is  quarried  at  Fort 
Bellefontaine. 

Shales  of  Coal  Measures  age  are  quarried  near  the  plant  and, 
together  with  the  loess  clays  which  overlie  them  at  this  localit}^  are 
used  for  mixing  with  the  limestone. 

The  plant  of  the  Atlas  Portland  Cement  Company  is  located  at 
Ilasco,  Pike  County,  a  few  miles  south  of  Hannibal.  The  materials 
used  are  a  Mississippian  limestone,  from  a  quarry  adjoining  the  mill, 
and  a  shale  quarried  near  Severton.  This  shale  is  probably  of  Ordo- 
vician  age,  the  Hannibal  (Mississippian)  shales  near  the  plant  being 
apparently  unfit  for  use.  Selected  specimens  of  the  limestone  used 
analyze  as  follows: 

Analyses  of  Mimssippian  limesloney  Ilasco ^  Mo. 


Silica  (SiO,) '      0.40 

Alamina  ( AljOg) 

Iron  oxide  ( Fe^Os) 

Lime  carbonate  (CaCOO 97. 99 

Magnesium  carbonate  (MgCO,) .42 


)      .44 


0.54 

.42 

97.74 
.40 


CEMKISTT  RESOURCES  OF  MONTANA. 

By  W.  H.  Weed.    . 

Limestone  is  confined  practically  to  the  western,  mountainous  part 
of  the  State,  whei'e  it  is  found  in  great  abundance  along  the  flanks  of 
the  mountain  I'anges.  In  the  Plains  region,  which  comprises  the  east- 
ern two-thirds  of  the  State,  only  Cretaceous  rocks  are  found,  except  in 
the  local  dome-shaped  uplifts  of  the  Little  Rock,  eludith,  and  Snowy 
mountains.  The  Cretaceous  formations  hold  lenses  and  concretions  of 
limestone,  which  are  locall}^  available  for  burning  to  quicklime  where 
better  material  is  too  far  distant  for  economic  use. 

All  the  Paleozoic  formations  contain  limestone  l^)eds,  but  the  great 
limestone  series  is  that  of  the  Carboniferous  (Mississippian),  whose 
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massive  beds  flank  the  great  ranges  of  the  State  and  form  its  most 
picturesque  scenery.  The  overlying  Jurassic  limestone  i.s  argillaceous 
and  of  uncertain  development.  The  Devono-Silurian  limestones  are 
impure,  while  the  Cambrian  limestones  are' thin  bedded  and  usually  not 
uniform  in  composition. 

The  limestones  are  found  along. the  northern  slope  of  the  mountain 
front  from  Red  Lodge,  in-  Carbon  County,  westward  to  Livingston, 
northward  about  the  flank  of  the  Bridger  and  Little  Belt  and  Belt 
ranges  to  the  Main  range  west  of  Great  Falls.  Practically  all  the 
southern  I'anges  of  the  western  part  of  the  State  are  uplifts  with  cores 
of  gneiss  or  granite  mantled  by  limestones  of  various  ages.  Such 
rocks  occur  westward  almost  to  the  Bitterroot  Valley. 

North  of  the  line  of  the  Northern  Pacific  Railroad  the  Carboniferous 
limestones  soon  disappear,  though  the  Cambrian  rocks  form  the  moun- 
tain summits  almost  to  the  Canadian  Ime.  The  northwestern  part  of 
the  State,  however,  is  composed  mostly  of  Algonkian  rocks,  mostly 
argillaceous.  A  series  of  oolitic  limestones,  the  Newland  limestone, 
forms  a  constant  feature  of  this  Belt  terrane,  but  nothing  is  known  of 
the  composition  of  these  rocks  save  that  they  are  usually  quite 
argillaceous. 

The  following  analyses  of  Montana  limestones  are  on  record: 

Analyses  of  limefAoneSf  Mcmtana. 


Silica  (SiOj) 

Alumina  ( AljOg) 

Iron  oxide  (FejOg)  . . 

Lime  (CaO) 

Magnesia  ( MgO ) 

Carbon  dioxide  (CO,) 


1 

1.45 

.16 

.76 

49.42 

2.74 

41.73 

8 


0.40 

4.45 

.20 

52.15 
1.02 

42.07 


1.  Peniell  LimeHtone  Company,  neiir  Helena.    £.  Starz.  analyHt. 

2.  Montana  Marble  and  Mining  Company,  near  Ilelena.    C.  M.  FaHsett,  analyst. 


Both  of  the  above  analyses,  but  particularly^  the  first,  represent 
limestones  whose  compoHition  would  be  very  satisfactory  from  the 
Portland  cement  manufacturers'  point  of  view. 
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PORTIiAND-CEMENT  RESOURCES  OF  NEBRASKA. 

The  possible  sources  of  cement  materials  in  Nebraska  are  confined 
to  the  formations  of  CarlK)niferous  and  Cretaceous  age.  Named  in 
order,  from  above  downward,  these  include  the  following:^ 

Laramie  fonnation Yellowish  and  greeniBh  sandstone  and 

shale. 

Pierre  clay Dark-gray  clay  or  soft  shale. 

Niobrara  fonnation Chalky  limestone. 

Benton  shale Dark-gray  or  black  shale  or  clay. 

(Greenhorn  limestone) . . .  (Limestones  in  Benton  shale. ) 

Dakota  sandstone Brown  sandsUme. 

Permian  limestone Buff  limestones  and  shales. 

Cottonwood  limestone Massive  light-colored  limestone. 

Wabaunsee  formation Limestones,  shales,  sandstones,  and  thin 

coal  beds. 


Cretaceous. 


Carboniferous.  .< 


CARBONIFEHOVS  FORMATIONS. 

The  Carboniferous  limestones,  shales,  and  sandstones  underlie  all  of 
Nebraska,  rising  to  the  north  and  northwest  about  the  Black  Hills  and 
and  on  the  slopes  of  the  Rocky  Mountains.  The  outcrops  in  eastern 
Nebraska  are  in  Douglas,  Sarpy,  Cass,  Lancaster,  Otoe,  Gage,  John- 
son, Pawnee,  Nemaha,  and  Richardson  counties.  The  rocks  are  hard 
and  would  give  rise  to  more  prominent  features  in  this  region  if  it 
were  not  for  the  heavy  covering  of  glacial  drift  and  loess.  As  it  is, 
the  exposures  constitute  cliffs  along  Platte  River  from  Ashland  to 
Plattsmouth,  and  thence  at  intervals  along  Missouri  River  to  the 
southeast  corner  of  the  State,  and  occur  in  scattered  outcrops  along 
the  vallej'S  of  Big  Blue,  Nemaha,  and  Little  Nemaha  rivers  and  Weep- 
ing Water,  Turkey,  and  Southeast  Salt  creeks  and  their  branches. 

The  Upper  Carboniferous  rocks  in  this  region  comprise  formations 
of  Permian  and  Upper  Coal  Measure  or  Pennsylvania  age.  The  Per- 
mian outcrops  are  probably  restricted  to  the  vall(»y  of  Big  Blue  River 
from  Beatrice  southward.  The  rocks  are  mainly  magnesian  limestones 
of  light  color,  with  interbedded  shales.  They  are  extensively  exposed 
south  of  Beatrice,  at  Rockford,  Bluesprings,  Wyniore,  and  Holmes- 
ville.  The  other  Carboniferous  meml>ei*s  appear  to  comprise  the  Cot- 
tonwood and  Wabaunsee  formations  of  the  Kansas  geologists.  They 
consist  of  limestones,  shales,  and  sandstones,  which  contain  thin  coal 
beds  in  some  localities.  Professor  Prosser  has  made  a  preliminary 
examination  of  the  Carboniferous  formations  of  Nebraska,  and  identi- 
fies as  Wabaunsee  the  exposures  about  Peru,  Aspinwall,  Nebraska  City, 

aDartOD,  N.  H.,  Preliminary  report  on  the  geology  and  water  resources  of  Nebnuska  west  of  the  One 
hundred  and  third  meridian:  Prof.  Paper  V.  8.  Geol.  Survey  No.  17,  pp.  II -20.  A  colored  geologic 
map  of  Nebraska,  showing  the  surface  dLstributlon  of  all  the  formations,  formR  PI.  IX  of  the  report 
cited.  The  data  Cftncerning  Nebraaka  cement  material  have  been  obtained  from  Mr.  Darton'8  report, 
which  is  In  part  dted  verbatim. 
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Auburn,  Tecumseh,  Dunbar,  Nehawka,  Weeping  Water,  and  along 
Platte  River  near  Louisville.  The  Cottonwood  limestone,  a  massive 
bed  full  of  Fimdina^  was  recognized  west  of  Auburn  about  Glen- 
rock  and  Johnson,  and  the  same  beds  extend  over  the  higher  lands  of 
western  Richardson  and  Paw^nee  counties.^  In  the  deep  borings  which 
have  been  made  at. various  points  in  the  southeastern  corner  of  the 
State  it  has  been  found  that  the  Carboniferous  formations  have  a  total 
thickness  of  about  1,200  feet,  of  which  about  200  feet  are  Permian. 

NIOBRARA  AND  BENTON  FORMATIONS. 

Underlying  the  Pierre  clay  is  a  series  of  shales  and  chalky  limestones. 
,  The  shales  are  known  as  the  Benton  formations  and  the  limestone,  as 
the  Niobmra  formation.  They  have  a  thickness  of  about  450  feet  to 
the  east,  but  thicken  to  the  west.  At  the  base  there  are  about  200 
feet  of  dark  shales,  overlain  b}^  slabby  limestones  of  the  Greenhorn 
formation  containing  Inoceramiis^  which  are  followed  by  a  series  of 
shales  with  few  thin  sandy  layers,  and  at  the  top  the  Niobrara  for- 
mation with  its  chalky  deposits,  characterized  by  thin,  hard  beds  filled 
with  Ostrea  conge^t<i.  The  formations  cross  the  eastern  part  of  the 
State,  and  underlie  all  of  the  area  west  of  the  vicinity  of  the  ninety- 
seventh  meridian,  but  are  so  deeply  buried  under  drift  and  loess 
that  outcrops  are  rarely  visible.  The  most  extensive  exposures  are 
along  the  Missouri  River,  extending  from  near  the  ninetj'-seventh  to 
the  nlnet3'-ninth  meridian,  and  along  the  Republican  Valley  from  Alma 
to  near  Superior.  The  formations  are  exposed  at  intervals  across  the 
eastern  portion  of  the  State  in  each  of  the  larger  valleys  and  some  of 
the  branches.  The  more  notable  of  these  small  outcrops  are  at  (Jenoa, 
north  of  Germantown,  near  Crete,  at  Pleasanthill,  and  in  Beaver 
Creek  north  of  Dorchester.  There  is  an  exposure  of  dark  shales 
under  some  lodges  of  (Jreenhorn  limestone  in  Big  Blue  River  at  Mi  If  ord, 
which  are  Benton.  Benton  and  Niobrara  beds  also  occur  in  a  promi- 
nent anticline  along  White  River  in  the  vicinity  of  Beaver  and  Alkali 
creeks,  in  the  northwestern  portion  of  the  State. 

PIERRE  CLAY. 

All  of  Nebraska  west  of  the  ninety-eighth  meridian  is  underlain  b^^ 
the  Pierre  clay.  Its  surface  outcrops  are  in  the  lower  portion  of  the 
Niobrara  Vulle}',  the  Republican  Valley,  and  the  extreme  northwest 
corner  of  the  Stjite,  but  it  is  probable  that  careful  seiirch  will  reveal 
outcrops  in  the  valley  of  the  Platte  River  in  the  vicinity  of  the  ninety- 
sixth  meridian.  The  formation  is  a  thick  mass  of  dark -gray  or  bluish 
clay  or  soft  shale.  Its  thickness  is  probably  at  least  2,000  feet  in  the 
west-central  portion  of  the  State. 

"Jour.  Geol.,  vol.  6,  181»7,  pp.  1-lC. 
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Nev'ada  contains  numerous  areas  of  low-maofnesia  limestone,  mostly 
of  Carbon  if  eroiLS  age,  th()u<jh  pure  limestones  of  later  date  also  occur 
within  the  State.  The  principal  outcrops  of  the  Carboniferous  lime- 
stones are  in  the  eastern  third  of  the  State.  Much  of  this  material 
would  be  suitable  for  use  in  a  Portland  cement  plant,  if  commercial 
conditions  should  justif}'  the  erection  of  such  a  plant.  At  present, 
with  a  scanty  population*  expensive  fuel,  and  pi*actically  no  local 
demand  for  cement,  it  is  evident  that  such  an  industry  could  hardly 
l>e  ev^en  moderately  successful. 

The  following  analyses  of  limestones  from  ditferent  localities  in 
Nevada  will  serve  to  indicate  the  chanicter  of  the  limestones  above 
referred  to.  It  will  bo  noted  that  many  of  them,  while  low  in  mag- 
nesia, are  very  siliceous. 

AmilyseM  of  Neinda  limfrtoneJi, 


Silica  (SiO,) 

Alumina  ( AljOg ) 

Iron  oxide  (Fe^Oj)  . . . 

Lime  (CaO) 

Magnesia  ( MgO) 

Alkalis  (K A Na,0).. 
Carbon  dioxide  (CO,) 
Water 


:n.  51 

k  79 

34. ;« 

1.12 
n.  d. 
27.77 

1.25 


8 

20.t)9    1..^5 
1.09'  .36/ 


6 


8 


10 


0.04 

.a5 


n.  d.  J 


4. 53 
19 


1.61    7.3S31.12 


.26| 


39.  77,54. 51 55. 1651.  6952. 16 


.80 

.68 

48.52 


2.80 
tr. 


.2: 

tr. 


.76,  1.04 
.61  n.d. 


32.80,43.1343.5441.75 
1.06     .11,  n.d.    n.d. 


2.47   2.46 

n.  d. !  n.  d. 


43.7040.84 
n.d.   n.d. 


Uo| 


12. 
1. 


:i5.8245. 

I 

.86   1. 
n.d. 
29.16 
2.10 


36. 
2. 


07  22. 00 
28'  5. 14 
57'  2.  04 
29  37. 22 
86'  1.89 
9o!  n.  d. 
23  28. 53 
65   3.32 


1.  Limestone  from  Lower  Coal  MeiLmireM,  Grand  Peak.  Nev. 

2.  Limestone  from  Uppt'r  Coal  Measnref),  Tenabo  Peak. 

3.  Carboniferous,  PremontM  Pass. 

4.  TriasMic,  between  Pyramid  Lake  and  Winnemaeca  Lake. 

5.  Triaatdc,  Star  Canyon. 

6.  Triaiwie,  Cottonwood  Canyon. 

7.  Mi(x;ene,  Fowil  Hill. 

8.  Miocene,  VHlley  Wells. 

9.  Pliocene,  Pine  Valley. 

10.  Recent,  shore  of  Pyramid  Lake. 

AnalyHt  of  Nos.  1-9,  B.  E.  Brewster,  Fortieth  Parallel  Survey,  vol.  2. 
Analyst  of  No.  10,  T.  M.  Chatard,  Bull.  168,  V.  S.  G.  S.,  p.  776. 


POBTL.AND-CKMENT  RESOURCES  OF  NEW  JERSEY 

PORTLAND-CEMENT  MATERIALS.^ 


New  Jersey  at  present  ranks  second  in  the  production  of  Portland 
cement  in  the  United  States.  This  high  rank  is  due  to  the  amount 
manufactured  by  relatively  few,  but  very  large,  cement  plants.  All 
of  these  plants,  which  are  located  in  Warren  County,  employ  the  same 

a  A  very  detailed  description  of  the  limestones  of  New  Jersey  available  for  use  In  Portland-cement 
manufacture,  with  maps  showing  their  distribution  and  outcrops,  is  iriven  in  the  Annual  Report  of 
the  State  Geoloffist  of  New  Jersey  for  1900,  pp.  1-101.  This  valuable  report  has  been  freely  used  in  the 
preparation  of  the  present  sketch,  and  many  of  the  details  retr^rding  the  formations  are  stated  in 
Doctor  Kiimmel's  words. 
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materials  that  are  u.sed  in  the  Lehigh  district  of  Pennsylvania,  i.  e.., 
an  argillaceous  limestone  mixed  with  a  relatively  small  amount  of  pure 
limestone. 

Limestones  suitable  for  Portland-cement  manufacture  occur  in  sev- 
eral different  geologic  formations.  The  deposits  of  argillaceous  lime- 
stone of  Trenton  age  are,  however,  the  principal  source  of  cement 
material,  and  in  view  of  the  great  extent  of  these  deposits,  it  seems 
probable  that  the  bulk  of  the  New  Jersey  production  will  always  be 
derived  from  these  Trenton  rocks.  For  this  reason .  the  distribution 
and  character  of  the  Trenton  argillaceous  limestones  (Lehigh. cement 
rock)  of  Warren  and  Sussex  counties  will  be  discussed  in  considerable 
detail,  while  the  other  limestones  of  the  State  occurring  in  the  upper 
Delaware  Valley  will  be  described  somewhat  briefly  on  a  later  page 
(p.  240).     The  shell-marl  deposits  are  also  described  (p.  242). 

LIMESTONES  OF  WARREN   AND   SUSSEX   COUNTIES. 

In  order  that  the  descriptions  of  the  character,  thickness,  etc.,  of 
the  Trenton  limestone  may  be  readily  comprehended,  it  will  be  necessarj^ 
to  pay  some  attention  to  the  rock  formations  above  and  below  it. 
That  part  of  the  geologic  column  in  the  New  Jersey  cement  district 
which  is  now  under  discussion  contains  four  formations.  These  are, 
i-eckoning  from  the  top  downward: 

1.  Hudson  shales. 

2.  Trenton  limestone. 

3.  Kittatinny  limestone. 

4.  Haixlyston  quartzite. 

In  order  to  understand  the  respective  bearing  of  these  three  forma- 
tions on  the  cement  industry,  it  is  well  to  recollect  that  the  Trenton 
limestone  formation  furnishes  all  the  '' cement  rock,"  while  the  pure 
limestone  used  for  mixing  with  the  cement  rock  is  obtained  partly 
from  the  Kittatinny  limestone,  though  the  Kittatinny  beds  are  in 
general  highly  magnesian.  The  Hudson  shales,  though  not  at  pres- 
ent used  in  the  cement  industry,  could  well  be  utilized  for  mixing 
with  a  ''cement  rock"  that  is  too  high  in  lime.  As  these  three  for- 
mations, therefore,  are  worthy  of  consideration  in  connection  with  the 
cement  industry,  they  will  be  described  separately  in  some  detail. 
The  Hardyston  quartzite,  while  not  directly  connected  with  the  cement 
industry,  is  an  easil}'  recognized  formation  whose  outcrops  usually 
limit  the  Kittji tinny  limestone  belt  on  the  south. 

JIA RD YS TON  Q UARTZITE.n 

At  the  base  of  the  great  limestone  formation  of  the  Kittatinny 
Valley  a  thin  bed  of  sandstone  or  quartzite  is  found  at  many  points. 

d These  deNcriptioiiM  of  the  formationa  are  quoted  almost  vertwitim  from  Doctor  Ktimmers  report, 
previously  referred  to. 
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It  rests  upon  the  crystalline  rocks  (gneisses,  schists,  etc.)  which  form 
the  highlands,  and  is  the  earliest  of  the  Paleozoic  formations  in  this 
region.  It  varies  considerably  in  composition  and  in  thickness.  In 
many  places  it  is  apparently  only  a  coarse  and  more  or  less  friable 
sandstone,  the  grains  of  which  are  cemented  together  by  Jime  carbon- 
ate. When  fresh  its  color  is  steel-blue,  but  the  weathered  por- 
tions are  always  a  rusty  brown  from  the  staining  of  iron  oxide.  It 
usually,  but  not  always,  contains  considerable  feldspar.  In  other 
localities  it  is  a  true  quartzite,  made  up  of  sand  grains  with  siliceous 
cement.  Elsewhere  it  is  a  conglomerate,  usually  of  pebbles  loss  than 
an  inch  in  diameter,  but  sometimes  containing  well-rounded  fragments 
2  to  4  inches  in  size.  The  pebbles  are  chiefly  of  quartz,  feldspar, 
granite,  gneiss,  and  slate;  and  bits  of  mica  also  occur.  Locally  the 
conglomerate,  where  it  approaches  the  gneiss,  can  be  distinguished 
only  with  great  difficulty  from  it  by  the  naked  eye.  It  is  simply  a 
decomposed  gneiss  or  granite,  slightly  reassorted  and  cemented  to 
form  a  conglomerate. 

The  thickness  of  the  quartzite  varies  from  a  few  feet  or  less  to  200 
feet  or  more.  Where  the  rock  is  thick  it  is  a  conglomerate  or  a  coarse 
pebbly  quartzite.  Where  thinner  it  is  usually  a  calcareous  sandstone, 
gi*ading  upward  into  a  limestone,  and,  perhaps,  having  near  its  base 
one  or  more  thin  layers  of  siliceous  sandstone  or  even  quartzite.  The 
crystalline  foundation  on  which  the  quartzite  rests  was  somewhat 
irregular,  so  that  the  formation  varied  greatly  in  thickness  and  litho- 
logical  character,  and  ^.t  the  time  of  its  deposition  the  land  lay  not  far 
to  the  southeast  of  the  present  outcrop  of  this  rock. 

KITTATINSY  MAGNESIAN  LIMESTONE. 

The  quartzite  grades  upward  into  a  highly  magnesian  limestone  for- 
matibn  of  great  thickness.  This  is  commonly  called  the  "blue"  lime- 
stone to  distinguish  it  from  the  white,  coarsely  crystalline  limestone 
found  near  Franklin  Furnace  and  other  localties  in  Sussex  and  north- 
ern Warren.  Its  color,  however,  is  not  always  blue.  It  is  frequently 
gray,  sometimes  almost  white,  also  drab,  or  even  black.  It  is  fine  and 
even  grained.  Many  of  the  beds  are  minutely  crystalline,  so  that  the 
freshly  broken  surface  has  a  close  resemblance  to  fine-grained  lump 
sugar.     But  it  is  never  coarsely  cr3'stalline  or  marble-like. 

This  formation  occurs  in  beds  which  vary  greatly  in  thickness  and 
regularity.  In  part  it  is  made  up  of  thin  leaf -like  laN'ers  of  limestone 
alternating  with  thin  sheets  of  greenish  shale.  In  other  beds  the  lay- 
ers of  limestone  are  an  inch  or  more  in  thickness,  and  are  separated 
by  thinner  partings  of  shale  or  sandstone.  Locally  the  limestone 
layers  are  apparently  discontinuous,  and  the  shale  or  sandy  layers  not 
only  separate  but  inclose  the  more  limy  messes.  In  great  part,  how- 
ever, this  formation  is  composed  of  i-egular  beds,  one,  two,  three,  or 
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even  more  feet  in  thickness.  Locally  they  are  so  massive  and  the  for- 
mation is  so  regularly  jointed  that  it  is  extremely  difficult  to  deter- 
mine the  true  position  of  the  beds.  Some  lay  el's,  also,  are  oolitic, 
i.  e.,  made  up  of  minute  round  particles  somewhat  closely  resembling 
fish  roe.  The  oolitic  layers  are  apparently  confined  to  the  lower  por- 
tion of  the  formation. 

A  marked  feature  of  this  formation  is  the  chert,  or  black  flint, 
which  occurs  either  as  seams,  sometimes  8  or  10  inches  thick,  or  as 
separate  masses.  The  chert  layers  are  usually,  but  not  always,  paral- 
lel to  the  bedding  planes.  Owing  to  the  large  percentage  of  magnesia 
nearly  everywhere  present  in  this  limestone  it  is  of  no  value  in  the 
manufacture  of  Portland  cement.  In  some  localities,  however,  it  has 
been  extensively  burned  for  lime. 

Its  thickness  is  apparentl}'^  between  2,500  and  3,000  feet,  but  accu- 
mte  measurements  can  not  be  obtained.  More  than  99  per  cent  of 
the  limestone  of  Sussex,  Warren,  and  Hunterdon  counties  belongs  to 
this  formation. 


Analyses  ofmagnesian  KiUaiinny  limestones^  New  Jerseif.^ 


• 

Lime  (CaO). 

Magneeiia 

(MgO). 

Carbonic 
acid  (COjj). 

Alumina  and 

inm  oxide 
(Ala03.Pes03). 

Silica  and 
1    insoluble 
material 
(SiOg). 

1 

27.6 
30.4 
30.0 
29.3 
29.1 
27.9 
30.3 
23.6 
26.5 
29.4 
28.6 
29.0 
28.5 
29.6 
29.6 
29.2 
30.1 
30.8 
29.8 
28.2 

17.9 
19.1 
19.4 
19.5 
19.3 
17.7 
16.2 
16.2 
18.4 
20.3 
18.1 
20.2 
17.3 
20.0 
19.2 
18.8 
20.1 
19.2 
19.9 
17.7 

41.9 
'       44.9 
44.9 
44.6 
43.6 
41.4 
41.6 
36.04 
40.4 
45.7  . 
34.5 
44.9   . 
41.5 
45.4 
46.2 
43.6 
44.4 
45.4 
45.4 
41.7 

1.7 

.8 

2.7 

2.2 

1.2 

.9 

.6 

6.0 

5.43 

.6 

.9 

.9 

1.7 

1.4 

1.4 

'2.4 

.8 

1.1 

1.0 

.9 

9.9 

2. 

3.6 

3 

2.3 

4...: 

4.0 

5 

6  4 

6 

11.2 

7 

9.8 

8 

15.7 

9 

7.0 

10 

1.8 

11 

12 

9.3 

4.8 

13 

9  9 

14 

2.3 

15 

2.9 

16 

17 

18 

3.6 
3.5 
3.6 

19 

3.4 

20 

10.8 

aAnalysc8  1-7,  10-21,  27-33  are  from  the  Geology  of  New  Jersev.  WiS.  Analyses  8  and  9  are  from 
the  Annual  Report  of  the  State  Geologrlst  for  1873:  Nos.  22-25  from'the  report  for  1878;  No.  26  from  the 
report  for  1876,  and  Now.  34-39  were  made  by  Mr.  Myers,  of  Rutgers  College,  for  the  Annual  Report 
for  1900,  New  Jersey  State  Geologist.    The  entire  table  is  taken  from  page  33  of  the  iiist^named  report. 
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Lime  (CaO). 

1 

29.4 

29.9 

29.6 

25.  7 

26.6 

28.2 

27.7 

26.4 

27.3 

32.4 

26. 3 

30. 3 

31.6 

28.22 

28.61 

29.62 

30.  13 

28.27 

2?).  8 

Mai^(H«ia 

(MgO). 

17.8 

Undet. 

Undet. 

Undet. 

Undet. 
20.2 
17.4 
15.1 
14.6 
15.5 
17.4 
18.3 
18.3 
19.07 
20.52 
20.63 
21.71 
15.  :iO 
19.  93 

Carbonic 
acid  (CO,). 

42.8 

Undet. 

Undet. 

Undet. 

Undet. 
44.3 
43.0 
45.0 
44.8 
42.5 
41.1 
44.1 
45.2 

Alumina  and 
iron  oxide 

(AWO^Fe^a). 

0.8 

Undet. 

Undet. 

Undet. 

Undet. 
1.3 
1.9 
3.7 
6.5 
8.4 
6.3 
1.6 
3.0 
1.90 
1.10 
1.06 
1.40 
.98 
.84 

Silica  and 
insoluble 
material 

(SiO,). 

21 

8.8 

«>•> 

2.0 

28 

2.8 

24 

1.9 

25 

4.1 

26 

5.5 

27 

7.2 

28 

9.8 

29 

4.9 

:«) 

2.0. 

31 

8.0 

32 

33 

:m 

4.1 
1.6 
8.13 

35 

.36 

44.88 

5.90 
4.92 

37 

38... 

39 

38.88 

1.95 
16.9 
7.23 

1.  Chandlers  iRland.  Vernon  Townnhlp.  Sussex  County. 

2.  Near  WilliHm  Richey's,  Vernon  TownMhip,  Sussex  County. 
.3.  Near  David  Perry's.  VVantaKeTownHhlr>,  Sussex  County. 

4.  Near  Samuel  Vunderho(»f'8.  Wantitxe  Town«hip,  Sussex  County. 

5.  Near  William  Dewitt's.  Wan tase  TownMhip.  Sussex  County. 

6,7.  On  property  of  FMward  LewK  WanUM?e  Township,  Suahcx  County. 

H,9.  Kallrotid  cut  one-fourth  mile  northwest  of  Hamburg  station,  on  the  New  York,  Sumjuehanna 
and  Western  Kailroad. 
10, 11, 12.  Moon*  &  Cutler's  quarry,  Newton,  Sassex  County. 

13.  Near  Sjiarta,  Sum!4^x  County. 

14.  East  of  Van  Kirk's  taveni.  ('olumbia,  Warren  County. 

15.  Quarry  in  the  town  of  Belvidere. 

1«.  RolH-Tt  Shi'mer's  ouarry.  Springtriwn,  Warren  County. 
17.  Henry  R.  Kenneay's  quarry,  SpriuKtown.  Warren  County. 
IK.  (Uiarl'es  T winning's  quarry,  south  of  Phillipsburg. 

19.  James  Ridale's quarry.  New  Hampton.  Warren  County. 

20.  Railnmd  cut  east  bank  of  creek,  (^hangewater,  Warren  County. 

21.  Mahlou  Fox's  quarry,  1  mile  southwest  of  Asbury,  Warren  County. 
22-25.  Quarries  at  Pennwell  (Penville),  Mu.sconcteong  Valley. 

26.  Quarry  at  Oxford  furnace.  , 

27.  S.  H.  Leigh's  r|uarry.  near  Hoffman's  mill,  south  of  LiCbanon,  Hunterdon  County. 

28.  Near  Clinton,  Hnntenion  County. 

29.  T.  Mulligan  &  Bmthers'  quarry, '('llnton. 

30.  Pottersville.  Somerset  County. 

31.  Henry  Hilliard's  quarry,  nrirth  of  IVapack. 
:<2.  Moses  Craig's  quarry,  I^capack. 

33.  Pea  pack. 

34.  O'Donnell  &  McManniman's  quarry.  Newton.    Middle  of  a  thick,  dense,  even-textured,  blue 
limestone  3  feet  from  the  top. 

35.  The  same.    Middle  of  a  massive  blue  layer  8  feet  thick,  7  feet  below  specimen  34. 

36.  The  same.    I^yer  3  inche.N  thick,  4  feet  Im>1ow  specimen  :i5.    Rock  a  pale  blue,  with  faint  streaks 
of  pale  yellow. 

37.  The  same.    Granular  layer  K  feet  below  No.  36.    Rock  dark  colored  and  semicrystalllne. 
3H.  Gano's  quarry,  Annandale. 

39.  Mulligan  Brothers' quarry,  Clinton. 
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TRENTON  LIMESTONE. 

Above  the  magnesiaii  Kittatinny  limestone  and  resting  on  it  is  a 
dark-blue  or  black  fossiliferous  limestone.  In  the  early  reports  of  the 
New  Jersey  geological  survey  it  is  called  the  ''fossiliferous"  lime- 
stone, in  distinction  from  the  Magnesian  or  Kittatinny  limestone,  in 
which  fossils  had  not  been  found  at  that  time.  In  age  it  is  to  be  corre- 
lated with  the  basal  portion  of  the  Trenton  series  of  New  York. 

A  continuous  section  of  this  formation  is  nowhere  exposed,  but  in 
general  the  succession  of  beds  is  about  as  follows: 

Section  of  black  fossiliferous  limest<me  of  New  Jersetf, 

Feet, 
(o)  Black  calcareoufl  shales  or  earthy  limestone,  gradually  l)ecoming  less  cal- 
careous and  more  siliceous  or  clayey  and  grading  into  the  overlying 
slate.    Thickness  is  apparently  variable 40 

(b)  A  rough,  irregularly  bedded,  dark-blue  limestone,  breaking  into  knotty 

slabs 43 

(c)  Probably  calcareous  shale,  usually  not  exposed 32 

(d)  Blue-black,  earthy  limestone,  rather  evenly  l)edded,  weathering  to  a  light 

blue  gray 32 

In  Sussex  County  the  total  thickness  is  uniformly  about  135  to  150 
feet,  except  where  faults  have  probably  repeated  some  layers.  The 
formation,  however,  thickens  to  the  southwest,  being  probably  at  least 
300  feet  at  the  Delaware,  and  possibly  even  more  than  this  in  the 
Lehigh  Valley  region,  Pennsylvania.  The  increase  in  thickness  is 
apparently  in  the  upper  calcareous  shaly  beds. 

The  Trenton  rests  upon  the  eroded  surface  of  the  Kittatinny  lime- 
stone, so  that  there  is  here  a  break  in  the  geologic  record.  At  many 
places  the  lowest  Trenton  beds  form  a  conglomerate  composed  solely 
of  pebbles  and  bowlders  of  the  underlying  magnesian  limestone  and 
chert.  Elsewhere  pebbles  of  magnesian  limestone  and  cheit  are 
included  in  a  matrix  of  pure  limestone,  which  is  sometimes  fossiliferous. 

Many  analyses  have  been  made  of  specimens  l)oth  of  the  limestone 
and  of  the  calcareous  shales  of  the  Trenton  formation.  The  more 
mussivfe  beds  contain  from  85  to  95  per  cent  of  carbonate  Of  lime  and 
only  small  amounts  of  magnesia.  Some  of  the  more  shaly  layers  con- 
tain ()5  to  75  per  cent  of  carbonate  of  lime,  with  sufficient  alumina  and 
silica  to  make  a  good  cement  rock.  It  is  this  rock  which  is  used  with 
such  success  in  manufacturing  Portland  cement  near  Phillipsburg, 
Warren  County,  N.  J.,  and  in  Berks,  Lehigh,  and  Northampton 
counties.  Pa.  The  purer  limestone  beds  can  be  used  to  mix  with  the 
^'cement  rock"  in  order  to  raise  the  percentage  of  lime  to  the  neces- 
sary figure. 
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Analyses  of  Trenioti  limestone ^  New  Jersey.^ 


SilicA(Si02). 

Alumina 

,  (AlaO,; 
iron  oxide 

(FesOa). 

Lime(CaO). 

Masneida 

(MgO). 

Oarbon  di- 
oxide (CO,). 

1 

17.71 

14.59 

10.71 

10.26 

20.58 

8.42 

18.60 

2.27 

11.86 

43.38 

10.49 

1.8 

15.8 

.97 

8.10 

4.30 

2.62 

14.27 

13.00 

2.54 

10.67 

26.51 

9.53 

13. 41 

13.52 

17. 23 

8.48 

24.91 

5.8 

4.33 

3.19 

2.87 

13.05 

11.96 

5.50 

14.85 

1.70 

6.6    ' 

7.83  . 
Ann.  Rep.  ft 

7.91 
6.86 
5.98 
7.19 
5.44 
2.30 
6.80 

.46 
1.09 
4.37 

.75 

.2 

41.79 
40.30 
40.00 
44.72 
39.84 
44.64 
38.76 
54.98 
48.36 
24.89 
49.10 
54.7 

0.38 
.67 
.65 

1.40 
.63 
.36 
.66 
.84 
.56 

3.74 

1.13 

33.25 

2 

32.60 

3 

32.16 

4 

36.68 

5 

32.00 

6 i 

34.47 

7 

31.20 

8 

9 

10 

11 

• 

12 

43.00 

13.' 

1.6             43.2 

2.2 
.45 

2.84 
.65 

1.00 
.31 

l.;}5 
.81 
.70 
.78 
.65 
.34 

8.21 

3.78 
11.68 

9.82  ' 
.9    , 
.84  ' 
.76 
.81 
.57 
.40 

.1.67 
.65 

1.09 

1.00 
.55 

31.4 

14 

.86 
2.38 
1.23 

.38 
1.48 
1.03 
1.14 
1.49 
1.63 
1.81 
1.46 

.61 
2.44 
1.04 
2.37 
4.7 
1.1 
1.27 
1.82 
1.42 
1.60 
1.94 
1.41 

.81 

.80 
1.19 
r  1900,  N.  J.  Stfi 

55.70 
48.04 
52.58 
54.00 
46.66 
47.80 
53.64 
49.03 
43.09 
49.11 
49.13 
39.12 
41.12 
37. 95 
30.46 
49.00 
52.76 
52.85 
54.04 
47.95 
46.88 
50.16 
47. 55 
54.  26 
49.04 

50.65 

ite  Qeolo(^ist. 

15 

16 

17 

18 

• 

19 

20 

42.72 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

* 

35 

36 

37 

38 

40.1 

39 

<»Fruui 

40.41 

238 


CEMENT   MATERIALS   AND   INDUSTRY. 


I  BULL.   243. 


Analyses  of  Trenton  limestone,  New  Jersey — Continued. 


Silica  (SlOs). 

Alumina 
,  (AI2O,). 
iron  oxide 

(Fe,Oa). 

Lime  (CaO). 

40 

29.78 

2.64 

27.08 

11.72 

8.29 
.82 

30.10 

41 

42 

8.76           .^1  no 

43 

1>00 
1.83 
8.15 

47.  37 
49.38 
35.78 

44... 

45 

5.46 
22.72 

MaKticsia 
(MyO). 


2.13 
.72 
1.83 
2.06 
2.26 
1.86 


Carbon  di- 
oxide (CO«), 


1-5.  MurphT  farm,  near  CarpenteravlUe. 
6-T.  One  mile  south  west  of  Patten  burg. 

8.  Near  Branchville. 

9.  Near  Myrtle  Grove. 

10.  Near  SwartHWood  station. 

11.  Swartswood  village. 
12-13.  Northwest  of  Stillwater. 
14.  Near  Jacksonburg. 

16.  Rainesbuig. 

16.  Columbia. 

17-20.  Near  Beaver  Run. 

21-22.  Near  Monroe  Comen*. 

23-25.  Near  Lafayette. 

26-30.  Near  Newton. 

81-33.  Near  Drakes  Pond. 

34.  Three  miles  southwest  of  Newton. 

85-86.  Near  Huntsburg  (Hunt's  mills). 

87-40.  Sprlngdale. 

41.  Swayce's  mills. 

42.  Near  Hope.  1 
48-44.  Sarepta. 

45.  Near  Belvidere. 

The  Trenton  limestone  can  be  readily  distinguished  from  the  mag- 
nesian  Kittatinny  limestone  ])y  the  following  points:  (1)  The  Tren- 
ton is  usually  fossil  if  erous.  Some  surfaces  are  covered  entirely  with 
imprints  of  shells.  Beds  otherwise  unfossiliferous  usually  contain 
crinoid  stems,  which  are  best  seen  on  weathered  surfaces  as  small 
disks,  often  with  a  hole  in  the  center.  The  fossils  of  the  Kittatinny 
limestone  are  so  few  and  so  obscure  that  only  an  expert  can  detect 
them,  so  for  practical  purposes  the  formation  can  be  considered  unfos- 
siliferous. (2)  The  dark  blue  or  black  color  of  the  Trenton  weathers 
to  a  light  gray-blue,  entirely  unlike  most  of  the  Kittatinny  beds.  So, 
too,  the  rough,  knotty  character  of  the  bedding  and  of  the  weathered 
slabs  is  characteristic  of  the  Trenton  limestone.  (3)  A  drop  of  hydro- 
chloric acid  will  cause  the  Trenton  limestone  to  effervesce  vigorously, 
whereas  the  cold  acid  dropped  on  the  Magnesian  limestone  acts  weakly 
or  not  at  all.  (4)  The  Trenton  may  usually  be  recognized  by  its  posi- 
tion. It  lies  on  top  of  the  Kittatinny  limestone  and  beneath  the  slate, 
which  is  the  next  higher  formation,  so  that  it^  outcrop  forms  a  narrow 
strip  between  the  wider  belts  of  these  rocks.  It  is  not  found,  how- 
ever, in  this  position  where  faulting  has  brought  the  slate  against  the 
Magnesian  limestone,  and  it  is  sometimes  faulted  into  the  midst  of  the 
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Magnesian  limestone  areas,  as  will  be  explained  below.  (6)  The  Mag- 
nesian  limestone  contains  frequent  masses  of  black  flint  or  chert.  This 
is  never  found  in  the  Trenton  limestone  in  New  Jersey,  except  as 
water-worn  pebbles  in  the  basal  conglomerate. 

HUDSON  SHALES. 

The  shaly  limestones  of  the  Trenton  become  more  clayey  and  less  limy, 
and  gradually  pass  into  a  series  of  shales,  slates,  and  sandstones.  This 
formation  has  usually  been  known  as  the  Hudson  shales.  The  shales 
are  commonly  black  or  dark  gray,  although  green  and  red  beds  occa- 
sionally occur.  Much  of  this  rock  has  a  marked  tendency  to  split  into 
thin  sheets.  This  cleavage  is  not  along  the  bedding  planes  or  la3'ers 
in  which  the  slate  was  deposited,  but  cuts  across  them  at  various 
angles.  It  is  in  virtue  of  this  tendency  to  split  smoothly  and  regularly 
into  thin  layers  that  some  zones  of  this  formation  yield  excellent  roof- 
ing slates;  and  in  some  localities,  as  at  Newton,  N.  J.,  and  Slatington, 
Pa.,  they  are  largely  quarried  for  this  purpose. 

There  is  considerable  diflference  in  the  chemical  constitution  of  vari- 
ous members  of  this  formation,  owing  to  the  variations  from  shale 
and  slate  to  sandstone. 

Analyses  of  Iltuison  shales  and  slates,  New  Jersey. 


Silica  (SiO,) 56. 60 

Alumina  ( AlA) I  21. 00 

Iron  oxide  (FcjOs) 5. 65 

Lime  (CaO) 3.42 

Magnesia  (MgO) 2. 30 

Alkalies  (KO,,  Na,0) 50 

Sulphur(S) .57 

Carbon  dioxide  (CO,) 2.  20 

Wate  r 3 .  00 


68.00 

14.40 

5.40 

2.68 

1.51 

.11 


8 


«  77. 53 

\  10. 10 

3.56 
4.28 


I 


«  76.  22 

13.05 

2.67 
.93 


«  79. 36 

10.73 

2.07 
2.57 


0  81.17 

9.80 

1.13 
2.48 


2.JiO 
2.70 


a  Inioluble. 

1.  Delaware  Water  Gap.    Geoloary  New  Jersey,  18<»H,  p.  136. 

2.  One  mile  northwest  of  (>>leville.    Ibid. 

3.  Near  Annandale.    Ann.  Rept.  New  Jersey  State  Geol.  for  1900,  p.  62. 

4.  Near  Lafayette.    Ibid.,  p.  74. 

5.  Newton  slate  quarrv.    IbiH.,  p.  77. 

6.  Near  Drakes  Pond.    Ibid.,  p.  78. 


GEOLOGIC  STRUCTURE. 


The  general  relations  of  these  formations — the  Hardyston  quartzite, 
the  Kittatinny  limestone,  the  Trenton  limestone,  and  the  Hudson 
slate — are   usually  very   simple  and  easily  understood.     They  have 
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been  bent  into  great  folds,  which  originally  formed  a  succession  of 
arches  and  troughs.  During  the  enormously  long  period  which  has 
elapsed  since  the  folding  occurred,  hundreds,  perhaps  thousands,  of 
feet  of  stmta  have  been  worn  off  from  the  arches,  so  that  beds  which 
were  once  deep  below  the  surface  are  now  exposed  to  view.  The  axes 
of  these  folds  extend  in  a  northeast-southwest  direction,  so  that  the 
formations  lie  in  long  and  comparatively  narrow  belts  that  extend  in 
the  same  direction.  Along  the  central  line  of  an  upfold  of  the  strata 
or  anticline  the  older  rock  is  exposed.  The  beds  slant  or  dip  away 
from  the  axis,  and  younger  and  higher  beds  are  found  toward  the 
flanks.  The  Kittiitinny  limestone,  being  older  than  the  Trenton  and 
Hudson,  occurs  along  the  central  line  of  the  anticlines. 

The  reverse  relations  are  true  where  the  strata  are  downfolded,  i.  e., 
at  the  synclines.  Here  the  younger  beds  are  found  along  the  medial 
line,  toward  which  the  strata  dip,  and  the  older  beds  are  found  on  the 
flanks. 

The  simple  structure  of  antivlinal  and  synclinal  folds  is  often  com- 
plicated by  faults  or  fraqtures,  along  which  the  strata  have  moved 
past  one  another.  The  fault  planes  may  be  inclined  at  various  angles, 
and  the  motion  may  have  been  in  any  direction  along  them.  As  a 
result  of  faulting  a  given  bed  may  not  appear  at  the  surface,  or  it  may 
be  repeated  and  form  a  double  line  of  outcrops.  Consequently  the 
Trenton  limestone  does  not  occur  everywhere  between  the  outcrops  of 
slate  and  Kittatinny  limestone  where  it  is  expected,  and  it  sometimes 
does  occur  apparently  in  the  midst  of  the  older  limestone  formation 
where  it  is  not  expected.  Again  for  long  intervals  the  ro(rk  may  be 
buried  beneath  thick  accumulations  of  glacial  drift,  which  conceal  its 
outcrop,  but  in  these  cases  it  can  always  be  found  by  digging. 

LIMESTONES   OF  UPPER   DELAWARE   VALLEY. 

Limestones  and  calaireous  shales  of  various  kinds  arc  found  along 
Wallpack  Ridge,  from  Tristates  to  Wallpack  Bend,  on  Delaware  River. 
With  the  exception  of  that  part  of  the  ridge  near  Tristates  all  this 
area  is  so  far  removed  from  any  railroad  that  for  lack  of  transporta- 
tion facilities  any  deposits  of  cement  rock  and  limestone  within  it 
must  remain  undeveloped  for  many  years.  For  this  reason  these  lime- 
stones were  not  studied  with  the  same  care  as  those  of  the  Kittatinny 
Valley. 

Doctor  Cook  published  in  1868  analyses  of  specimens  from  various 
horizons,  which  indicate  that  many  of  the  beds  have  a  high  percentage 
of  carbonate  of  lime,  and  are  practically  free  from  magnesia.  Finely 
ground  and  mixed  with  clay  in  the  right  proportion  they  would  make 
good  Portland  cement,  or  the  rock  could  be  used  to  raise  the  percent- 
age of  lime  in  a  cement  rock  dedcient  in  it.  These  formations  were 
described  by  Mr.  Weller  in  the  annual  report  for  1899,  pages  1-46. 
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A  specimen  of  the  Bossardville  limciitone  (Cook's  ribbon  limestone) 
from  Ki<*hard  Stoli's  farm  near  Wallpack  Center  had  the  following 
composition: 

Amiitfsis  of  Bossardville  limestotie  from  near  Wallpack  Center. 

Silica  (SiO,) .* 12.80 

Alumina  and  iron  oxide  ( Al,Os  and  Fe,Os) ^-10 

Liine(CaO) 44.85 

Magnesia  (MgO) 2.18 

Carbon  dioxide  (CO,) 37.68 

Outcrops  of  the  Bossaidville  limestone  are  numerous  from  Flat- 
brookville  to  Peters  Valley,  along  the  eastern  foot  of  the  ridge.  At 
the  Nearpass  quarry,  near  Tristates,  it  is  exposed  just  above  the  base 
of  the  section  there  shown,  and  has  a  thickness  of  12  feet  4  inches. 

Specimens  from  other  limestone  formations  exposed  in  Sandford 
Nearpass's  quarry,  near  Tristates,  were  analyzed  by  Cook,  with  the 
following  results: 

Analyses  of  limestmies  from  Nearjxiss  quarry y  near  Tristales^  N.  J. 


I 


Silica  (SiO,) 

Alumina  (AljOg) 

Oxide  of  iron  (FejOj). 

Lime  (CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO,) 


8.50 

}  16.90 

39.87 

1.42 

33. 31 


4.00 

1.10 

52. 62 

-.33 

41.80 


22.80 
8.94 
57 
20.44 
12.08 
31.06 


I    2. 


} 


4.10 

.90 

52.92 


41.58 


No.  1  is  Cook's  "firestone,"  a  part  of  the  Decker  Ferry  formation. 
No.  2  is  Cook's  "old-quarry  stone,"  the  identification  of  which  is 
somewhat  indefinite,  but  it  is  probably  the  top  of  the  Rondout  water- 
lime  formation.  No.  3,  the  so-called  "pethstone,"  is  No.  7  of  the 
Waterlime  formation  (p.  20,  Annual  Report  for  1899).  No.  4,  the 
"quarry  stone,"  is  the  Tentaculite  limestone.  Another  specimen  of 
the  Tentaculite  limestone  had  51.5  per  cent  of  liiue  and  5.5  per  cent  of 
silica  and  quartz. 

The  Nearpass  quarry  is  not  so  far  removed  from  the  railroad  at 
Port  Jervis  but  that  some  of  these  beds  may  be  profitably  utilized. 
Analyses  2  and  4  above  show  that  the  '*  old-quarry  stone"  and  the 
*' quarry  stone"  are  high-grade  limestones.  Analysis  of  the  shaly 
layers  in  the  quarry  may  show  a  rock  with  the  right  proportions  of 
alumina  and  silica.  In  Mr.  Weller's  paper,  in  the  report  for  1899, 
some  of  the  important  exposures  of  these  formations  are  noted. 
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Doctor  Cook  also  gives  the  following   analyses  of  specimens,   the 
pxac^t  geologic  horizon  of  which  can  not  be  determined  from  the  record: 

Analyses  of  Silurian  liweMmits. 


Silica  (SiO,) 

Alumina  and  iron  oxide  ( AljOj  and  Fe^Os) 

Lime(CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO,) 


1.  Limestone  from  John  Schcwley's  farm,  near  Peters  Valley. 

2.  Limestone  from  farm  of  Joshua  Cofe,  Montaarue. 

3.  Limestone  from  farm  of  Calvin  Decker,  Wallpeck  Ridge. 


1 

1 

• 

8.70 

9.80 

2.10 

1.50 

48.88 

49.67 

.35 

.69 

38.90 

1 

40.00 

10.80 

2.60 

46.19 

.80 

36.75 


WHITE   MARL  DEPOSITS. 

In  addition  to  the  limestones  described  in  the  previous  part  of  this 
report,  there  are  in  Sussex  and  Warren  counties  shell-marl  deposits, 
often  of  considerable  extent,  some  of  which  may  be  sufficiently  pure 
to  be  used  for  Portland  cement  in  combination  with  clay.  No  recent 
study  of  these  deposits  has  been  made,  but  the  following  data,  from 
the  earlier  reports  of  the  New  Jersey  Geological  Survey,  particularly 
from  the  annual  report  of  1877,  may  be  of  value  in  this  connection. 
These  partial  analyses  were  published  in  1877: 

A  naJysen  of  New  Jersey  marls. 


Calcium 
<»arbon- 

ate 
(CaCOa). 

Magne- 
sium car- 
tx)nate 

(MRCO;,). 

T— ■-■           ■    ■       - 

Sand    , 
and     ' 
clay. 

1... 

98.33 

0.90 

2... 

88.86 

9.96 

3... 

• 

97.73 

.60 

4... 

95.  34 

2.18 

.98 

5... 

96.  32 

1.57 

1.16 

6... 

92.25 

2.98 

1.56 

7..  J 

89.87 

2.29 

.97 

8... 

96.  54 

1.47 

2.05 

9... 

84.  52 

1.76 

8.46 

Water, 
vegeta- 
ble mate- 
rial, etc. 


0.67 
2.16 
1.59 
1.50 
.96 
3.21 
6.87 
0.00 
5.  26 


Description. 


White,      pulverulent; 
no  vegetable  matter. 

Precipitate  from  water. 

White,  dense,  fine 

Surface    marl,   white, 
solid,  fine. 

Drab  whit«,  fine  and 
with  shells. 

White,     pure,     some 
grass  roots. 

Ash     colored,     many 
shells,  light. 

White,     very     fine, 
me<liuni  clenmty. 

Surface  iniirl , 


Location. 


And  over,  Sussex 
County. 

Peters  Valley,  Sussex 
Countv. 

S  h  i  1  o  h,     Warren 
County. 

Do. 

Hunt's    mill,    Sussex 
County. 

Marksboro,    W  a  r  re  a 
County. 

Hope,  Warren  County. 

Newton,    Sussex 
.  County. 

Da 
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Analyses  of  New  Jersey  marls — Continued, 


Cah*iiim 
carlxjn- 

ate 
(CaCOa). 

90.18 

Magne- 
sium car- 
bonate 
(MgCO,). 

Sand 

and 

elay. 

Water, 
vegeta- 
ble mate- 
rial, etA*. 

Description. 

L<.x*ntion. 

10.. 

0.00 

9.75 

White,     very     dense, 
thick  shells. 

Lincoln,  Warren 
County. 

11.. 

99.04 

0.00 

.55 

.41 

White,  very  light,  pure. 

Do. 

12.. 

68.73 

0.00 

23.99 

7.28 

Dark-colored  shells  and 
vegetable  matter. 

Montague,  Sussex 
County. 

13.. 

94.75 

0.00 

.71 

4.54 

White,  very  light,  pure. 

Monroe  Corners,  Sus- 
sex County. 

14.. 

64.20 

0.00 

16.21 

16. 59 

White  shells  and  clay. . 

Centerville,  Sussex 
County. 

PORTLAND-CEMENT  INDUSTRY  IN  NEW  JERSEY. 

Three  Portland  cement  plants  are  at  present  in  operation  in  New 
Jersey,  all  of  them  in  Warren  County,  and  all  using  the  Trenton 
cement  rock  as  their  principal  raw  material.  In  i-aw  materials  and 
general  practice  these  plants  agree  with  the  others  of  the  Lehigh 
district,  described  on  page  284,  to  which  reference  should  be  made 
for  a  general  discussion  of  the  subject.  The  following  data  on  the 
history  and  production  of  the  three  New  Jersey  plants  are  taken 
from  a  recent  report  of  the  New  Jersey  Geological  Survey: 

In  1891  Thomas  D.  Whitaker  commenced  the  manufacture  of  Port- 
land cement  at  Alpha,  N.  J.,  establishing  what  is  now  the  Alpha 
Portland  Cement  Company.  In  1895  the  present  operators  purchased 
the  plant,  which  then  had  a  capacity  of  from  500  to  700  barrels  a  day. 
The  rock  at  Alpha  produced  such  an  excellent  cement  that  the  plant 
was  gradually  increased,  until  in  1900  there  were  10  kilns,  with  a 
capacity  approximating  2,000  barrels  a  day.  In  1901  a  new  mill  of 
the  same  capacity  was  erected,  the  former  being  known  as  mill  No.  1 
and  the  latter  as  mill  No.  2.  In  the  summer  of  1903,  4  more  kilns 
were  added  to  mill  No.  2,  making  14  kilns  for  this  plant.  This  com- 
pany is  now  manufacturing  at  Alpha  about  5,000  barrels  daily.  Since 
the  issue  of  the  New  Jersey  Geological  Survey's  report  of  the  Port- 
land cement  industry  in  1900,  in  which  the  distribution  of  the  cement 
rock  was  delineated,  the  company  has  increased  its  holdings  from  40 
acres  to  200  acres.  The  quantity  of  cement  manufactured  by  this 
company  since  its  inception  is,  in  round  numbers,  6,000,000  barrels. 

Production  of  cemejit  at  plant  of  Alpha  Cement  Company ^  Alpha^  N.  J. 


BarrclH. 

1894 : 100,  (XX) 

1895 120,000 

1896 215,0<X) 

1897 325,  0(K) 

1898 350,000 


Barrels. 

1899 380, 000 

1900 500,000 

1901 8:w,ooo 

1902. 1,180,000 

1903 ....1,400,000 
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The  method  of  quarrying  at  the  Alpha  quarry  is  to  drill  across  the 
sti*ata  with  steam  drills  and  break  down  the  rock  with  dynamite  and 
load  it  on  mine  cars  with  a  steam  shovel.  These  cars  arc  then  hauled 
up  an  inclined  railroad  by  a  cable.  Four  tracks  are  in  use  at  Alpha^ 
two  for  each  mill.  In  practice  it  is  found  necessar}^  to  bring- 1^  the 
lime  content  by  the  addition  of  limestone  brought  from  Penns}- Ivania. 

In  1894  the  directorate  of  the  Vulcanite  Paving  Company,  of  Phila- 
delphia, in  order  to  be  assured  of  an  adequate  supply  of  first-quality 
cement  to  use  in  certain  paving  work,  commenced  the  erection  of  a 
plaiit  close  to  the  Alpha  works.  The  original  mill  had  5  rotary  kilns. 
Later  No.  2  mill,  with  6  kilns,  was  erected.  Finally  an  additional 
factory  of  10  more  kilns  was  installed,  and  the  company  has  increased 
its  holdings  of  cement- rock  land  to  250  acres. 

The  output  to  date  is  given  as  follows: 

Production  of  cemimt  at  plant  of  Vulcanite  Paving  Company  at  Al2>fMt  ^-  J' 


Barrels. 

1895  (6  months) .• 14, 000 

1896 00, 000 

1897 125,000 

1898 218,000 

1 899 5 1 3, 000 


BarrelH. 

1 900 690, 000 

liK)l 725,000 

1902 975, 000 

1903 1 ,  460, 000 


Two  (|uarries,  entirely  independent  of  each  other,  are  opemted  as 
pits.  The  rock,  broken  down  b}'^  dynamite,  is  hoisted  and  conveyed 
by  wire-cable  tramways  to  the  mills.  Two  independent  cable  ways 
are  operated  at  each  pit. 

The  plant  of  the  Edison  Portland  Cement  Company  was  put  in 
operation  in  October,  11)03.  The  (quarries  are  about  2  miles  from  the 
works  and  are  connected  therewith  by  a  standard-gage  railroad.  The 
cement  rock  and  limestone  occur  in  close  proximity.  The  rock  in  a 
general  way  resembles  that  of  the  (luarries  already  mentioned,  although 
of  course  the  excavations  are  not  nearly  so  extensive  as  yet.  A  rather 
radical  departure  from  (juarrying  methods  is  being  inaugurated  in  the 
form  of  a  movable  roof  over  each  quarr}'^.  This  is  made  of  corrugated 
iron  placed  on  light  steel  frames  resting  on  wheels  which  in  turn  run 
on  a  T-rail  track.  By  thus  covering  the  quarry  it  is  intended  to  work 
it  in  all  weathers,  the  roof  being  moved  as  quarrying  proceeds.  After 
the  rock  is  blown  down  it  is  loaded  into  cars  with  steam  shovels. 
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POUTLAND-CEMKNT  RESOITRCKS  OF  NEW  YORK. 

PORTLAND-CEMENT  MATERIALS. 

The  State  of  New  York  now  ranks  fourth  in  the  production  of 
Portland  cement  in  the  United  States.  The  extensiv^e  series  of  lime- 
stones which  outcrop  within  its  borders,  and  its  excellent  local  markets 
for  cement  and  cement  products,  will  prol)abl3'  enable  it  to  improve 
its  rank  as  a  Portland-cement  producer  very  materially  within  the 
next  few  years. 

Of  the  many  different  limestone  formations  which  outcrop  in  New 
York  State,  five  are  of  such  thickness,  areal  extent,  and  chemical  com- 
position as  to  be  worth  considering  as  sources  of  Portland-cement 
material.  Many  other  limestones  occur  in  the  State,  but  these  others 
ma}'  be  disregarded  here  as  being  usually  too  thin,  of  improper  chem- 
ical composition,  or  too  badly  located  with  regard  to  transportation 
routes,  markets,  or  sources  of  fuel  supply. 

The  five  available  limestones  noted  al)ove,  in  their  geologic  order, 
are  as  follows: 

5.  Marls Quaternary. 

4.  Tully  limefltone Devonian. 

3.  IIelderl)erj?  liniestonen Silurian  and  Devonian. 

2.  Trenton  limentone Lower  Silurian  (Onlovician ). 

1 .  Chazy  limestone Lower  Silurian  (Ordovician). 

All  of  these  limestones  except  the  first  (Chaz}')  are  at  i)resent 
utilized  in  Portland-cement  manufacture  in  New  York  State. 

The  character  and  distribution  of  the  five  limestone  groups  above 
noted  will  now  be  described  separately  in  the  order  in  which  they  are 
listed  above.  PI.  X  shows  the  actual  distribution  in  New  York  State 
of  the  first  four  limestone  groups.  The  Quaternary  nmrls  are  widel}' 
distributed  throughout  the  State,  but  occur  usually  in  small  deposits. 
For  this  reason  marl  deposits  are  not  shown  on  (his  map,  except  in 
such  cases  as  are  known  to  be  of  workable  size. 
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CHAZV  LIMESTONE. 


DISTRIBUTION. 


The  Chazy  limestone  i.s  confined  pi'acticall}'^  to  the  Lake  Champlain 
Valley.  It  outcrops  on  the  west  shore  of  Lake  Charaplain,  a  fe^ 
miles  south  of  Crown  Point  village,  and  is  also  well  shown  in  Crown 
Point  itself.  It  appears  again  on  the  lake  shore  about  5  miles  south 
of  Westport,  near  Essex  village,  and  on  Willsboro  Point.  Its  most 
characteristic  and  extensive  outcrops,  however,  are  in  the  eastern 
part  of  Clinton  County.  It  is  shown  well  on  Valcour  Island  and  on 
Isle  la  Motte,  where  it  has  been  extensively  quarried.  On  the  main- 
land it  occupies  large  areas  north  of  Valcour  and  west  of  Plattsburg, 
where  it  is  quarried.  The  largest  single  area  is  in  the  northeastern 
part  of  Clinton  County,  where  it  has  been  worked  extensively  for  lime 
and  building  stone.  This  area  extends  almost  without  a  break  from 
the  village  of  West  Chazy  to  the  lake  shore  and  northward  to  the 
Canadian  line  near  Rouse  Point, 

Local  details  concerning  the  distribution,  thickness,  etc.,  of  the 
Chazy  formation  will  be  found  in  a  ^aper  by  H.  P.  Cushing,  entitled 
*'  Report  on  the  Geology  of  Clinton  County,"  in  the  Thirteenth  Annual 
Report  of  the  New  York  State  Geologist,  pages  473-490.  This  paper 
also  contains  geological  maps  of  the  county,  showing  the  area  covered 
hy  the  limestone. 


COMPOSITION. 


The  Chazy  limestone  is  usually  a  very  pure  limestone,  low  in  both 
magnesia  and  clayey  matter.  It  is  commonly  bluish  to  grayish  in 
color,  and  has  a  slightly  crystalline  appearance.  Occasionally  it  car- 
ries notable  percentages  of  silica,  alumina,  etc.,  but  these  argillaceous 
phases  are  rare.  Of  the  analyses  in  the  following  table  Nos.  1  and  2 
represent  the  purest  type  of  the  Chazy  limestone,  while  Nos.  3,  5,  and 
6  contain  more  or  less  clayey  matter.  Analysis  No.  4  is  included  as 
representing  a  highly  argillaceous  type,  occurring  in  the  same  area  as 
Nos.  3,  5,  and  6;  but  this  particular  analysis  is  old  and  of  doubtful 
value. 

Analyses  of  Chazy  limesioney  Nnr  York. 


Silica  (8iOj) 

Alumina  (A I/),) 

Iron  oxide  (FejOa) 

Lime(CaO) 

Magnesia  (MgO ) 

Carbon  dioxide  (CO,) . 


1 

0.79 

2 

8 

0.72 

2.43 

.14 
.12 

1   .39 

.41 

54.36 

53. 90 

51.00 

.67 

1.44 

1.00 

43. 45 

43.92 

n.  d. 

21.  39 

3.61 

39.37 

.52 

31. 51 


{ 


4.40 
7.10 
3.50 

44.35 
2.00 

37.05 


4.60 
4.10 
1.90 

49.11 
.47 

39.10 


1.  Chazy,  Clinton  County.    Rept.  New  York  St^te  Gt>ol«jgist  for  1897.  p.  433. 

2.  Chazy  Marble  Lime  Company,  Clinton  County.    I).  H.  Newlaml.  analyst.    Bull.  New  York  Stato 
Museum,  No.  44,  p.  7/V5. 

3.  Willsboro  Point,  P>8ex  (^ountv.    T.  0.  White,  analyst.    Ibid.,  p.  782. 

4-«.  Willsboro  Point,  KsMex  County.    K.  C.  Boynton,  analyst.    Ibid.,  pp.  782,  783. 
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counties,  along  the  valleys  of  West  Canada  Creek  and  Black  River. 
Commencing  as  a  narrow  belt  near  Middleville,  Herkimer  County,  it 
passes  northwestward,  increasing  to  about  8  to  10  miles  in  width,  and 
going  through  Trenton  Falls,  Prospect,  Remsen,  Boon  ville,  Port  Ley  den, 
Lowville,  and  Copenhagen,  at  many  of  which  points  it  is  extensively 
quarried.  The  limestone  belt  here  widens  out  greatly,  being  about  20 
miles  wide  at  Watertown,  and  extending  along  the  St.  Lawrence-Lake 
Ontario  shore  from  near  Clayton  to  near  Port  Ontario,  a  distance  of 
over  50  miles.  Within  this  broad  area  in  Jefferson  County  the  Tren- 
ton limestones  are  quarried  at  Cape  Vincent,  Chaumont,  Clayton, 
Watertown,  Theresa,  and  man)'  other  points. 


COMPOSITION. 


The  Trenton  limestone  is  usually  a  pure  nonmagnesian  limestone. 
It  is  dark  gray  to  almost  black  in  color,  and  is  commonly  highly  fos- 
siliferous. 

The  following  analyses,  which  are  representative  of  the  various 
phases  of  the  Trenton  limestone,  are  arranged  in  geographical  order 
along  the  outcrop  of  that  limestone,  beginning  in  Washington  County, 
on  the  east,  and  ending  in  Lewis  County,  on  thfe  west. 

Analyses  of  Trenton  limestones^  Neir  York. 


Number. 

Silica 
(8iO,). 

Alumina 

(ALOs). 

Iron  oxide 
(FeoOs). 

Lime(CaO). 

Magnesia 
(MgO). 

Carbon  diox- 
ide (COj). 

1 

0.97 
1.38 
.72 
.70 
2.13 
3.30 
1.10 
6.13 
1.25 
3.82 
5.68 
6.70 
8.45 
2.59 
3.96 
3.09 
1.44 
6.50 

0. 08            0. 02 

0.58 

1.50 
1. 00              .70 

1.26 

1.30 
.80              .50 

54.15 
55.26 
54.28 
53.09 
53. 19 
52.15 
53. 17 
49. 55 
52.78 
52.  46 
52.12 
49.92 
47.38 
52.00 
51.11 
52.70 
54.  52 
49.53 

0.39 
.72 
.80 

1.04 
Trace. 

1.58 
.75 

1.17 

42.95 

2 

n.  d. 

3 

44.00 

4 

42.05 

5 

41.79 

6 

40.98 

7 

45.08 

8 

.79 
• 

.61 

40.22 

................ 

9 

3.00 
1.08 
2.76 
3. 03               .  21 

42.97 

10 - 

42.64 

11 

39.44 

12 

Trace. 
1.63 
1.04 
1.80 
.78 
.49 
1.28 

39.23 

13 

2.72 

1.21 

.84 
.61 

39.01 

14 

42.00 

15 

1.70 
1.15              .49 

.83 
1.67               .76 

42. 14 

16 

42.26 

17 

43.39 

18 

40.31 

1.  Keenan  Lime  Company,  Smith's  Basin,  Washinifton  County.  Twentieth  Ann.  Kept.  U.  S.  Geol. 
Survey,  pi.  6,  p.  427. 

'2.  Keenan  Lime  Companv,  Smith'.s  Basin,  Washington  County.  Bull.  New  York  State  Mua.  No.  44« 
p.  e26. 
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3.  Keenan  Lime  Company.  Smith's  Basin.  Washington  County.    H.  Ries,  analyst.    Ibid.,  p.  827. 

4.  Harris  quarry,  near  Whitehall,  Waj»hington  County.    Ibid. 

6.  Glena  Falls,  Warren  County.    J.  H.  Appleton,  analyst.    Seventeenth  Ann.  Kept.  U.  S.  Geol. 
Survey,  pt.  3,  p.  801. 

6.  Olens  Falls,  Warren  County.    Mineral  Industry,  vol,  6,  p.  97. 

7.  Glens  Falls,  Warren  County.    Bull.  New  York  State  Mus.  No.  44,  p.  82B. 

8.  Hewitt  quarry,  Amsterdam,  Montgomery  County.    Ibid.,  p.  749. 

9.  Hewitt  quarry,  Amsterdam,  Montgomery  County.    J.  M.  Sherrerd,  analyst.    Twentieth  Ann. 
Kept.  U.  8.  Geol.  Survey,  pt.  6,  p.  427. 

10.  Hewitt  quarry,  Amsterdam.  Montgomery  County.    J.  M.  Sherrerd,  analyst.    Ibid.,  pt.  6,  p.  427. 

11.  Hewitt  quarry.  Amnterdam,  Montgomery  County.    J.  M.  Sherrerd.  nnaly.<«t.    Ibid.,  pt.  6,  p.  427. 

12.  Butler  quarry,  Ingham  Mills.  Herkimer  County.    Bull.  New  York  State  Mus.  No.  44.  p.  788. 
18.  Butler  quarry,  Ingham  Mills,  Herkimer  Cx)unty.    Ibid. 

14.  Prospect.  Oneida  County.    J.  D.  Irving,  analyst.    Ibid.,  p.  802. 
1ft.  Waters  quarry,  Lowvllle.  Lewis  County.    Ibid.,  p.  792. 

16.  Rol>erts  quarry,  CollinsviUc,  Lewis  County.    D.  II.  Newland,  analyst.    Ibid.,  p.  791. 

17.  Christy  quarry.  Ley  den,  Lewis  County.    Ibid.,  p.  791.  • 

18.  Snyder  quarry,  Port  Leyden,  Lewis  County.    D.  H.  Newland,  analyst.    Ibid.,  p.  791. 

HELDER  BERG  LIMES  TONES. 


DISTRIBUTION. 

Regarded  as  possible  sources  of  Portland-cement  materials,  the  most 
important  series  of  limestone  formations  in  New  York  Stat^i  is  that 
included  in  the  Upper  and  Lower  IJelderberg  groups.  These  two 
groups,  each  divisible  into  a  number  of  well-marked  formations,  are 
separated  throughout  the  greater  part  of  their  range  by  a  compam- 
tively  thin  bed  of  sandstone — the  Oriskany  sandstone — but  for  the 
purposes  of  this  volume  may  be  considered  as  one  series  of  limestones. 
The  Helderberg  limestones,  considered  together,  extend  eastward  from 
Buffalo,  in  Erie  Count}',  to  Oriskany  Falls,  Oneida  County.  Here 
the  belt  turns  about  S.  30^  E.,  nearly  to  South  Ifethlehem,  Albany 
Count}'.  From  this  point  the  outcrops  of  the  limestone  trend  almost 
parallel  to  and  a  little  west  of  Hudson  Riv^er,  nearh^  to  Kingston.  The 
limestone  belt  then  turns  southeast>vard,  passing  through  Ellenville 
and  Port  Jervis  into  Pennsylvania  and  New  Jersey.  The  line  of  out- 
crop is  shown  in  considerable  detail  in  PI.  X. 

The  distribution  of  the  Helderberg  limestones  is  described  at  length 
in  the  following  papers,  in  which  maps  and  sections  showing  local 
details  will  be  found:        i 

Darton,  N.  H.  Report  on  the  Helderberg  limestones:  Thirteenth  Ann.  Rept. 
New  York  State  (Jeol.,  pp.  197-228. 

Darton,  N.  H.  Report  on  the  (reology  of  Albany  County:  Thirteenth  Ann. 
Rept.  New  York  State  Geol.,  pp.  2*i9-2H2. 

Darton,  N.  II.  Report  on  the  (ieology  of  Ulster  County:  Thirteenth  Ann. 
Rept.  New  York  State  Geol.,  pp.  28t)-372. 

ro.M  POSITION. 

Analyaes  of  Jlelderherg  HmeaUyntHy  Xetv  York, 


Silica 
(SiOa). 

Alumina 
(Al-Oa).    • 

Iron  oxide 
(Fe.A)a). 

Umo 
(CaO). 

Ma^neMiK 

(Mj«0). 

Carlwn  di- 
oxide (COa). 

1 

2 

1,17 

5.0() 

5.96 

14.85 

0.64 
.60 
3. 16             1.  34 
7.18             1.57 

54.  0() 
51.78 
49.  70 
40.  23 

0.48 

.88 

1.44 

1.95 

43.00 
41.66 

3 

40. 13 

4 

33.  70 
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AnaiyRe8  of  Ilelderherg  limeAonett,  New  Yorh — Continned. 


Silica 
(SiO,). 

5 

1.6 

7.23 

1.92 

n.  d. 

n.  d. 

n.  d. 

5.53 

2.48 

5.56 

2.57 

5.66 

5.46 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

5.82 
4.45 
4.91 

18 

19 

20 

4.31 

21 

1.48 

4.12 

23 

9.05 

24 

5.12 

25 

11.16 

26 

'     1.27 

27 

1.84 

28 

1.89 

£v  ................ 

2.75 

30 

7.10 
3.87 

31 

Alumina 
(Al^,). 

Iron  oxide 
(FejOs). 

Lime 
(CftO). 

Mafrnesia 
(MgO). 

Carbon  di- 
oxide (CO.). 

0.7 

54. 32 

0.53 

43.26 

1.64 

48.68 

1.84 

40.29 

.36 

52.53 

.69 

42.03 

n.  d. 

n.d. 

35.25 

8.94 

37.52 

n.  d. 

n.d. 

43.  22 

6.08 

40.65 

n.  d. 

n.d. 

48.82 

1.48 

39.99 

1.50 

50.25 

1.00 

40.49 

.95 

53.52 

.46 

42.54 

1.55 

50.47 

.83 

40.57 

1.55 

52.69 

.84 

42. 33 

2.14 

50.25 

1.11 

40.70 

1.35 

50.80 

1.01 

41.02 

1.38 

50.93 

.85 

40.87 

.80 

50.06 

2.74 

42.36 

.48  1 

.53 

51.82 

1.16 

41.90 

.97 

51.05 

1.65 

41.90 

n.d. 

n.d. 

53.62 

n.  d. 

n.d. 

n.  d. 

n.d. 

52. 46 

n.d. 

,       n.  d. 

6.66 

.99 

44.72 

1.98 

37.33 

1.45 

.74 

48.34 

2.93 

41.22 

3.35 

1.15 

44.27 

3.17 

,38.27 

.73 

54. 51 

.66 

43.46 

.63 

1.82 

51.40 

2.23 

41.19 

l.Ol 

.55 

51.35 

1.67 

42.19 

1.50 

1.60 

53. 10 

n.d. 

n.d. 

2.50 

1.65 

45.22 

Tra<«. 

39.10 

1.07 

1.34 

54.11 

Trace. 

40.60 

1.  Fogelflonger  quarry,  Williamsvillc,  Erie  County.    H.  Carlnon,  analyst.    Twentietli  Ann.  Rcpt. 
U.  8.  Geol.  Survey,  pt.  6,  p.  427. 

2.  Howells  quarry,  Leroy,  Qenesec  County.    Bull.  New  York  State  Mus.,  No.  44,  p.  784. 

3.  Strobe!  quarry,  Leroy,  Genesee  County.    Ibid. 

4.  Babcock  quarry,  Waterloo,  Seneca  County.    Ibid.,  p.  819. 

6.  Alvord  quarry,  Jamesville,  Onondag^a  County.    F.  E.  Engelhardt,  analyst.    Ibid.,  p.  806. 
5-12.  Clinton,  Oneida  County.    A.  H.  Chester,  analyst.    Ibid.,  p.  802. 
18-17.  Oriskany  Falls,  Oneida  County.    A.  H.  Chester,  analyst.    Ibid. 

18.  Putnam  quarry,  Oriakany  Falls,  Oneida  County.    Ibid.,  p.  808. 

19.  Manning  quarry,  Columbia.  Herkimer  County.    Ibid.,  p.  788. 

20.  Cobleskill  Quarry  Company,  Cobleskill,  Schoharie  County.    C.  F.  McKenna,  analyst.    Twen- 
tieth Ann.  Rept.  U.  s.  Geol.  Survey,  pt.  6.  p.  427. 

21,22.  Howes  Cave,  Schoharie  County.    C.  A.  Schaeffer,  analyst. 

23-25.  Callanan  quarry,  South  Bethlenera,  Albany  County.    Bull.  New  York  State  Mus.,  No.  44,  p.  771. 
26.  Howes  Cave,  Schoharie  County.    C.  A.  SchaefTer,  analyst.    Twentieth  Ann.  Rept.  U.  S.  Geol. 
Survey,  pt.  6,  p.  427. 
27,28.  Hudson,  Columbia  County.    Ibid.,  p.  427. 

29.  Holdredge  quarry,  Cati^kill,  Greene  County.    H.  Ries.Hnal>'st.    Bull.  New  York  State  Mus.,  No. 
44,  p.  787. 

30.  Turner  quarry.  Wilbur.  Ulster  County.    Ibid.,  p.  822. 

31.  Rondout,  Ulster  County.    Ibid. 
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TULLV  LIMESTOSE. 
DISTRIBUTION. 


The  thinnevss  of  the  Tully  limestone  would  probably  allow  it  to  be 
disregarded  as  a  Portland-cement  material  if  it  were  not  for  its  advan- 
tageous distribution.  It  occurs  only  in  central  New  York,  and  occu- 
pies a  greater  area  than  any  other  limestone  in  that  part  of  the  State. 
Its  line  of  outcrop,  moreover,  crosses  all  the  Finger  lakas,  on  the  shores 
of  most  of  which  the  limestone  is  well  exposed,  and  the  belt  is  crossed 
by  numerous  railroad  lines  leading  to  the  coal  regions  of  Pennsyl- 
vania. With  these  advantages  of  position,  even  a  relatively  thin 
limestone  bed  is  worth  considering,  and  one  Portland-cement  plant 
that  uses  the  Tully  limestone  is  already  in  operation. 

The  most  western  known  exposure  of  the  Tully  limestone  is  near 
Reed  Corners,  Ontario  County.  From  this  point  it  runs  southeastward 
through  or  near  Gorham,  Stanley,  Hall  Corners,  and  Dresden,  disap- 
pearing below  the  waters  of  Seneca  Lake  opposite  the  village  of 
Starkey.  It  reappears  on  the  east  shore  of  the  lake  about  5  miles 
south  of  Willard,  and  is  exposed  almost  continuously  along  the  lake 
shore  as  far  north  as  Willard.  Here  it  turns  eastward  through  Hayt 
Corners,  then  southeastward  near  Sheldrake  to  the  Cayuga  Lake  shore 
east  of  Covert,  and  thence  southward  along  the  west  shore  through 
Trumansburg  to  Glenwood.  Its  most  available  outcrops  are,  however, 
on  the  east  shore  of  Cayuga  Lake,  which  it  follows  closely  from 
Portland  Point  north  to  opposite  Kings  Ferry.  Turning  northeast- 
ward the  limestone  outcrop  leaves  the  lake  and  passes  through  Poplar 
Ridge,  Sherwood,  and  Scipio.  From  this  point  to  its  most  eastern 
known  outcrop,  which  is  near  Smyrna,  Chenango  County,  the  outcrop 
of  the  Tully  limestone  is  too  irregular  for  ready  description,  as  can  be 
seen  from  the  map,  PI.  X,  opposite  page  246.  It  is  sufficient  here  to 
indicate  its  course  by  saying  that  the  principal  villages  and  stations 
on  or  near  the  outcrop  are,  in  order  eastward,  Cascade,  Locke, 
Moravia,  Miles,  Glenhaven,  Scott,  Spofford,  Borodino,  Otisco  Valley, 
Tully,  Truxton,  Cuyler,  Deruyter,  Georgetown,  and  Smyrna. 


COMPOSITION. 


The  Tully  limestone  is  low  in  magnesia,  rarely  carrying  over  1^  per 
cent  of  magnesium  carbonate.  It  commonly  carries  a  rather  large 
percentage  of  silica,  alumina,  and  iron  oxide,  at  times  approximating 
in  composition  the  Lehigh  cement  rock.  The  analyses  given  on  page 
262  are  fairly  representative  of  its  range  in  composition. 

The  limestone  is  immediately  underlain  bj'  a  series  of  shales  which, 
as  shown  by  the  experience  of  the  Portland-cement  plant  near  Ithaca, 
are  well  adapted  to  mixing  with  the  limestone. 
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AiiofifsfA  of  TnUy  limestone ^  NeiB  York. 


Silica  (SiO,) 

Alumnia  (AI,Os) 

Iron  oxide  (FejOj) . . 

Lirae  (CaO) 

Magnesia  (MgO) 

Car})on  dioxide  ((X),) 


1 

2 

s 

4 

6 

9.72 

6.30 

7.88 

5.7 

4.0 

4.20 

.48 

1    3.35 

4.01 

2.1 

26.0 

47.11 

50.  25 

48. 10 

49. 56 

33.6 

.  m 

.22 

.53 

.67 

2.6 

n.  <l. 

n.  d. 

n.  d. 

39. 67 

n.  d. 

6 

15.0 

23.0 

30.0 

1.3 

n.d. 


1.  Top  bed.    Portland  Point.  Tompkins  ConnUr.    J.  H.  MeGuire,  analyst. 

2.  Middle  bed.    Portland  Point,  TompkinM  County.    I.  H.  McHluire,  analyst 

3.  Bottom  bed.    Portland  Point,  Tompkins  (bounty.    J.  H.  MoGulre.  analyst. 

4.  Near  Lan.sing,  Tompkins  County.    H.  Ries.  analvst.    Bull.  New  York  State  Mus.,  No.  44,  p.  820. 

5.  Willard,  Seneca  (!ounty.    Trans.  New  York  Agric.  Soc.  for  18fi0,  p.  611. 

6.  Hayt  Corners,  Seneca  County.    Ibid. 

Q  VA  TERNAR  Y  MARLS. 
DISTRiniTTION. 

Small  deposits  of  marl  occur  at  many  points  in  eastern  and  northern 
New  York,  filling  old  lake  basins  and  now  forming  swamp}'  tracts, 
overlain  by  much  impure  peat.  So  far  as  known,  none  of  the  deposits 
in  this  part  of  the  State  are  of  workable  size. 

In  western  and  central  New  York,  however,  large  marl  deposits 
have  been  found  at  many  points.  They  are,  or  have  l)een,  utilized 
in  the  manufacture  of  Portland  cement  at  Montezuma,  Cayuga  County; 
Jordan  and  Warners,  Onondaga  County;  Caledonia,  Genesee  Count}'; 
Wa3'land  and  Perkinsville,  Steuben  County,  and  Cassadaga  Lake, 
Chautauqua  County.  Other  large  deposits,  as  yet  undeveloped,  are 
known  "  to  occur  northwest  of  Canastotai,  Oneida  County:  at  Cortland, 
Cortland  County;  Clifton  Springs,  Ontario  County;  Clarendon, 
Orleans  County,  and  Bergen,  Genesee  County. 

COMPOSITION. 

The  New  York  marls  show,  on  anal3\sis,  the  usual  variations  in  com- 
position. Most  of  those  included  in  the  table  below  are  actually  used 
at  Portland-cement  plants. 


a  Bull.  New  York  State  Mus.  No.  44.  p.  7G7. 
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(imdyses  of  (/uatemary  mrir/n,  \rw  }V/r^*. 


No. 

Silica 
(SiOa). 

Alumina 

(Al-Os). 

0.20 

Iron  oxide 
(Fe205,). 

Lime 
(CaO). 

Magnesia 
(Mg()). 

0.30 

CHrbon 

dioxide 

(CO,). 

Water. 

organic, 

etc. 

1 

0.40 

0.20 

53.50 

D.d. 

(«) 

2 

1.10 

l.M) 

54.54 

Trace. 

n.d. 

3 

.49 

.  35 

52.  71 

Trace. 

n.d. 

(*) 

4 

.50 
.42 

2.00 
1.08 

52.70 
52.36 

1.09 
1.01 

42.61 
42.26 

5 

CO.  86 

6 

.54 

.56 

54.40 

2.34 

42.20 

7 

.14 

.36 

53.16 

1.50 

n 

■d. 

8 

.28 

.10 

52.86 

.18 

41.73 

4.W 

9 

,  .26 

.21 

.01 

50.98 

.19 

40.26 

t.98 

10 

6.22 

1.70 

.86 

47.86 

.04 

42.11 

W 

11 

2.10 

1.93 

48.78 

1.10 

39.53 

« 

nS(>3, 1.7  per  cent,     f*  Ctt.S04,  3.48  per  cent.     <•  Ca-SO^,  2.01  jht  cent,      d  Alkalies,  2.20  per  cent. 

1.  Troquolfl  Portland  Cement  Company,  Caledonia,  Livini^ton  County. 

2.  3  mileM  ea«t  of  Mumford,  Livin|ir<<ton  ('ounty.    Bull.  New  York  State  Mus..  No.  44,  p.  793. 

3.  1  mile  went  of  Bergen,  Gene}«ee  ('ounty.    J.  A.  Miller,  analynt.    Ibid.,  p.  785. 

4.  Mumford,  Monn)e  County.    (CalcariHMiH  tufa.)    Ibid.,  p.  797. 

5.  Millen  Portland  Cement  C<m»pany.  Wayland,  Steuben  County. 

6.  Genesee  Wayland  Portland  Cement  Company,  PerkinHville,  Steuben  County. 

7.  American  Cement  Com^iany,  Jordan,  Onondaga  County. 

H,9.  Kmpire  Portland  Cement  Company,  Wiirners,  Onondaga  County. 

10.  Montezuma,  Cayuga  County.    Mineral  Induntry,  vol.  1,  p.  52. 

11.  Canafitota,  Madison  County.    Bull.  New  York  State  Mu8.,  No.  44.  p.  794. 

PORTLAND-CEMENT  INDUSTRY. 


EARLY    HISTORY. 

Portland-cement  manufacture  in  New  York  State  started  onlv  a  few 
j'ears  after  cement  making  had  been  begun  in  the  Lehigh  district  of 
Pennsylvania.  The  history  of  the  New  York  industrj'  was,  however, 
entirely  distinct  from  that  of  the  Lehigh  district.  Men,  materials, 
and  methods  were  different,  and  in  conse^juence  the  early  history  of 
the  New  York  industry  contains  much  of  interest.  A  brief  sketch  of 
that  early  history  is  given  in  the  following  pages.  For  the  data  con- 
tained in  this  sketch  the  writer  is  indebted  to  Messrs.  J.  Gardner  San- 
derson and  Edward  Duryee,  who  placed  at  his  disix>sal  much  material 
concerning  the  early  plants  with  which  they  were  connected. 

The  earliest  experiments  in  the  manufacture  of  Portland  cement  in 
this  State  appear  to  have  been  those  carried  on  in  the  Kosendale  region 
about  1875-76.  They  were  made  by  a  Mr.  Dunderdale  at  East  Kings- 
ton, Ulster  County,  Messrs.  Cornell  and  Coykendall  furnishing  the 
capital.  The  materials  used  were  marl,  brought  by  way  of  the  Erie 
Canal  from  the  Montezuma  marshes,  and  a  clay  obtained  near  the 
plant.  Cement  of  a  very  high  grade  was  manufactured,  but  the 
materials  and  processes  used  were  of  too  expensive  a  charat^U^.r  to 
permit  the  experiment  to  become  financially  successful.  The  details  of 
the  experiments  are  not  at  present  obtainable,  but  some  idea  of  the 
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methods  followed  and  of  the  general  high  quality  of  the  product  may 
be  gained  from  the  following  extract  from  the  published  report  of 
Gen.  Q.  A.  Gillraore,  on  the  cements  exhibited  at  the  Philadelphia 
Exi)osition  of  1876: 

It  is  deemed  proper  as  a  subject  of  general  interest  to  refer  briefly  to  some  cements 
not  represented  in  the  exhibition. 

The  National  Portland  Cement  Company^of  Kingston,  Ulster  CJounty  (N.  Y.),  has 
recently  been  organized  for  making  Portland  cement  by  the  fourth  method  above 
described. <>  The  materials  employed  are  fuller's  earth,  kaolin,  and  lime.  They  are 
thoroughly  ground  and  mixed  together  in  suitable  proportions  by  the  wet  process, 
although  much  less  water  is  used  than  in  the  English  works  or  in  those  at  Boulogne. 
The  mixture  when  completed  is  in  a  rather  stiff  semiliquid  state.  In  this  condition 
it  is  run  out  upon  a  floor  underlaid  with  warming  flues,  where  it  is  dried  to  the  state 
of  tampered  brick  clay.  It  is  then  passed  through  a  brick  mac^iine,  and  subsequently 
burnt  in  common  continuous  upright  kilns  with  anthracite  coal. 

Specimens  of  this  cement  have  been  tested  several  times  by  the  writer  with  excel- 
lent results.  On  the  last  occasion  the  method  adopted  with  the  cements  in  the 
exhibition  was  strictly  foUoweil.  One  and  one- half  inch  cubes  seven  days  old,  com- 
posed of  equal  parts  of  dry  cement  and  sand,  gave  a  crushing  strength  of  3,335  pounds 
per  cube  as  an  average  of  20  trials,  being  a  little  higher  than  the  bct^t  Portland  cement 
exhibited,  as  shown  by  the  table. 

Succeeding  this  in  point  of  date  was  a  small  plant  at  Low  Point, 
Dutchess  County,  erected  by  the  engineer  and  contractor  for  the  first 
Poughkeepsie  bridge.  Some  cement  was  made  here  and  used  in  the 
tower  foundations,  but  the  failure  of  the  bridge  project  also  ended  the 
cement  experiments. 

During  the  winter  of  1877-78  Messrs.  J.  Gardner  Sanderson  and 
T.  T.  Crane  carried  on  a  series  of  experiments  at  Croton-on-the-Hud- 
son.  A  small  upright  kiln  was  in  use,  with  a  Bogardus  mill  and  the 
power  which  during  the  summer  was  used  in  brickmakirig.  These 
experiments  and  the  anal^^sis  of  a  large  number  of  specimens  of  pos 
sible  materials  convinced  the  experimenters  that  the  Hudson  River 
limestones  generally  contained  too  high  a  percentage  of  magnesium 
carbonate,  and  the  clays  too  much  free  sand,  to  be  suitable  ingredients 
of  a  Portland  cement.  Certain  strata  of  limestone,  however,  belonging 
to  the  Helderberg  groups*  (see  PI.  XI),  the  outcrops  of  which  extend 
approximately  north  and  south  a  short  distance  west  of  Hudson  River, 
crossing  Rdndout  Creek  near  South  Rondout,  were  found  to  be  remark- 
ably pure  and  free  from  magnesia  and  well  adapted  to  their  purpose. 
As  above  stated,  most  of  the  clay  deposits  near  Hudson  River  carried 
too  much  sand  to  be  of  use.  After  careful  search  suitable  clays  were 
found  away  from  the  river,  the  best  being  found  in  an  extensive 
deposit  near  Phcenicia,  on  the  Ulster  and  Delaware  Railroad. 

■ 

o  This  "fourth  method  "  here  noted  was.  aa  described  on  a  preciHling  page  of  the  refiort,  the  double- 
kilning  proeeHs,  in  which  the  calcareoua  material  was  burned  and  nlaked  before  being  mixed  with 
the  clay. 

^Limestone  from  the  same  horizon  is  now  being  used  in  the  manufacture  of  Portland  cement  by 
two  companies,  the  Catskill  Cement  Company  and  AUen's  American  Portland  Cement  Company,  both 
plants  being  situated  a  short  dit>tance  south  of  Catskill. 
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In  1880  the  Wallkill  Portland  Cement  Company  was  organized.  The 
lime8tone  and  clay  properties  above  referred  to  were  purchased,  and 
an  abandoned  flour  mill  at  Carthage  Landing,  on  the  Hudson,  was 
leased  and  equipped  with  suitable  machinery,  a  drying  channel,  and 
two  upright  kilns.  The  manufacture  of  Portland  cement  was  com- 
menced at  these  works  early  in  1881.  The  product,  though  small  in 
quantity,  was  of  excellent  quality  and  had  a  ready  sale.  Tests  and 
report^j  by  Messrs.  Clark  and  Maclay  demonstrated  the  value  of  the 
cement,  and  the  experimenters  were  satisfied  that  the  manufacture 
could  be  made  commercially  successful  on  a  larger  scale.  At  both  the 
Low  Point  and  Carthage  Landing  plants  gas-house  coke  was  used  for  fuel. 

Average  analyses  of  the  clay  and  limestone  used  are  given  later  in 
this  paper  in  discussing  the  operations  at  South  Rondout.  A  typical 
analysis  of  the  cement  made  at  Carthage  Landing  follows: 

Analysis  of  cement  made  at  Carthage  Ixinding,  N.  Y. 

Lime 69.43 

Magnesia 1. 72 

Peroxide  iron : 5. 17 

Alumina 8. 13 

Silica 24.10 

Water,  alkalies,  etc , ! 1. 46 

100.00 

In  the  latter  part  of  1881  work  was  commenced  on  a  plant  located 
on  the  limestone  property  near  South  Kondout,  and  works  with  a 
capacity  of  2Q0  to  300  barrels  a  day  were  put  in  operation  in  1883. 
These  works  were  eijuipped  with  Blake  crushers,  cone  grinders, 
buhrstone  mills,  mixers,  and  formers.  Sixteen  upright  dome  kilns 
were  in  use,  with  a  drying  channel  connected  and  heated  by  the  waste 
gases  from  the  kilns.  The  limestone  and  clay  were  crushed,  ground, 
and  mixed  dry,  then  steamed  and  formed  into  bricks,  which  were 
loaded  on  iron  cars  and  run  by  gravity  through  the  drying  channels. 

For  some  time  after  cement  manufacture  had  been  in  progress  at 
these  works  the  gas  companies  of  New  York  and  Albany  had  supplied 
the  coke  necessary  for  burning  the  material,  but  the  introduction  of 
the  water-gas  process  cut  off  this  source  of  fuel  supply.  This  left  the 
plant  dependent  upon  Pennsylvania  coke,  the  cost  of  transportation 
and  handling  of  which  increased  the  cost  of  cement  manufacture  very 
largely.  Mr.  Sanderson  therefore  commenced  experiments  on  the 
use  of  crude  Lima  oil  as  fuel,  but  found  that  the  clinkering  of  the 
cement  materials  in  front  of  the  burners  prevented  the  heat  from 
entering  the  charge.  Knowing  that  this  same  difficulty  had  been  met 
in  metallurgic  operations  and  overcome  by  the  use  of  rotary  furnaces, 
he  directed  his  attention  toward  such  furnaces  or  kilns  as  presenting 
a  possible  solution  of  the  problem. 

The  kiln  adopted  was  a  form  which  had  been  patented  in  1881  by 
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Dr.  George  Duryee,  of  New  Jersey.  In  October,  1888,  one  kiln  was 
put  into  operation  at  the  South  Rondout  works.  This  kiln  was  50 
feet  long  and  50  inches  in  diameter.  The  upper  end  was  at  first  made 
50  inches  higher  than  the  lower  end,  but  later  this  was  reduced  to  30 
inches.  On  trial  this  was  found  to  be  a  very  satisfactory  method  of 
burning,  the  one  kiln  handling  all  the  material  thq  mill  could  supply 
and  producing  a  uniform  and  high-grade  product.  Of  still  greater 
importance  was  the  fact  that  it  was  found  possible  to  charge  the  mixed 
and  ground  raw  material  directly  to  the  kiln  without  preliminary 
wetting,  making  into  bricks,  and  drying.  This  was  the  first  American 
plant  at  which  this  practice  of  direct  charging  was  followed. 

In  1889  the  plant  was  entirely  destroyed  by  fire,  and  Portland  cement 
manufacture  in  the  lower  Hudson  Valley  ceased  till  1900. 

The  following  notes  f t*om  the  Rondout  records  establish  some  dates: 

Orloher  25f  1888, — Burned  about  100  barrels  to-day;  oil  fuel.  Ground  the  lime- 
stone and  clay  separately  dry,  and  mixed  iKjfore  feeding  to  kiln.  Mixture — clay,  21 
pounds;  limestone,  80  pounds. 

February  ^5,  1889. — Mixture  burned — clay,  21  pounds;  limestone,  100  pounds. 

Arudi/ffift  of  reaultmg  cement. 

Lime 65.96 

Silica : ■ 18.53 

Alumina  and  oxide  of  iron 11. 09 

Potash 12 

Soda 62 

Car}x)nic  acid 97 

Magnesia  and  undetermined 2.  71 


100.00 
Physicid  tests  of  teimle  fstremjth. 
7  days =253  ] Hounds. 

J  4  days =466  pounds. 

J:>eccmd  test*^: 

7.  dayH=306  pounds. 

10  days =509  pounds. 

Representative  analyses  of  the  limestone  and  clay  used  at  the  Car- 
thage Landing  and  South  Rondout  plants  are  as  follows: 

Anaifjst'fi  of  Ihnefttoiie  and  clay  7tsedfor  cement  rnakiufj. 


Limestone. 

Clay. 

52.  295 

.5 

.438 

.677 

4.405 

41.515 

.17 

1.255 

2.37 

9.144 

20.771 

^ 

54.011 

.4 

12.049 

100.00 

100.00 

Lime • 

Magnesia 

Peroxide  iron 

Alumina 

SilicA 

(Carbonic  aciri 

Water  and  alkaliu 
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In  the  fall  of  1890  operations  were  conimenced  at  Montezuma,  N.  Y. 
The  company  owned  1,700  acres  of  land,  underlain  by  a  deposit  of 
marl  and  clay,  which  varied  in  thickness  from  4  to  20  feet.  The 
deposit  lay  below  the  level  of  Cayuga  River  and  near  its  shores.  It 
was  overlain  by  several  feet  of  muck,  which  was  first  dredged  off  and 
used  for  filling  and  grading  for  a  railroad.  The  marl  and  clay  had  a 
rather  uniform  composition,  and  it  was  therefore  found  practicable 
to  excavate  both  materials  by  machinery.  The  bucket  of  the  steam 
dredger  employed  brought  up  a  ton  every  three  minutes.  Cars  were 
run  on  the  track  under  the  bucket  of  the  dredge  to  receive  the  material, 
and  the  loaded  cars  were  then  run  on  platform  scales  and  weighed. 

The  marl,  containing  about  50  per  cent  water,  was  drawn  by  a  steam 
hoist  up  an  incline  into  the  second  story  of  the  works  and  above  the 
upper  end  of  a  mixing  machine,  into  which  the  load  was  dumped 
without  drying  or  any  other  preliminary  treatment.  At  the  same 
time  a  weighed  and  ground  portion  of  clay  was  added  to  standard- 
ize the  mixture.  The  materials  mixed  as  they  gravitated  toward  the 
lower  end  of  the  machine.  The  entire  process  was  practically  con- 
tinuous, a  fresh  charge  being  added  at  the  upi)er  end  of  the  mixer 
every  ten  minutes,  while  an  equ^l  amount  was  being  gradually  drawn 
off  from  the  lower  end  in  the  same  space  of  time.  The  mixture  then 
passed  to  a  stone  mill  that  completed  the  mixing  and  ground  any  coarse 
materials.  From  the  mill  the  mixture  was  introduced  directly  by  a 
screw  conveyer  into  the  rotary  kiln,  oil  being  used  as  fuel.  This  was 
unique  not  only  in  its  length,  75  feet,  but  in  having  opposite  its  lower 
end  a  gas  retort  or  combustion  chamber.  This  chamber  was  heated 
by  a  coal  fire  and  vaporized  the  oil  as  it  was  sprayed  into  it.  The  air 
blast  also  passed  into  this  chamber,  coming  from  a  rotar}^  fan  blower. 

In  the  first  volume  of  Mineral  Industry  Mr.  W.  A.  Smith  gives  the 
following  interesting:  contemporary  account  of  this  kiln: 

Duryee's  revolving  furnace  consistfi  of  a  sheet-iron  cylinder,  75  feet  long,  inclined 
toward  the  firing  end  f  inch  to  1  foot.  The  lower  hot  end  is  6  feet  in  diameter  for  a 
length  of  20  feet,  and  is  lined  9  inches  thick  with  a  mixture  of  ground  fire  brick 
and  molasses.  The  remainder  of  the  cylinder,  55  feet  long,  has  a  diameter  of  5  feet, 
and  is  lined  with  6-inch  fire  brick.  Only  the  lining  at  the  hot  end  requires  renewal, 
and  this  can  be  replaced  in  ten  hours,  at  a  cost  of  $25.  The  cylinder  revolves  on 
cast-iron  rollers  three  times  a  minute.    The  power  re(|uired  is  5  horsepower. 

At  the  lower  end  a  small  coal  fire  is  kept  up  on  a  grate,  but  the  chief  fuel  is  crude 
petroleum,  introduced  in  a  jet  which  meets  the  hot-air  blast.  The  consumption  of 
oil  is  8  gallons  per  barrel  of  cement  clinker  produced.  Fifteen  barrels  of  oil  are 
required  to  heat  the  furnace  ready  for  burning  cement. 

The  clay  and  marl  are  mixed  wet  and  run  in  as  a  slurry  at  the  upper  end.  The 
mixture  in  drying  forms  a  sand,  which  moves  slowly  downward  with  the  turning  of 
the  cylinder,  and  is  finally  discharged  at  the  lower  end  as  cement  clinker  of  the  size 
of  small  gravel.  It  takes  two  hours  to  run  the  particles  through.  The  operation  is 
continuous,  and  the  product  is  250  barrels  per  day.  It  is  claimed  that  all  the  mix- 
ture is  burned  to  Portland  clinker. 

Bull.  243—05 17 
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From  a  series  of  analyses  and  tests,  furnished  by  Mr.  Duryee,  the 
following  have  been  selected: 

Analyses  of  materials  used  and  resulting  prodtu:t  at  MoyUezuma. 


Lime(CaO) 

Silica  (SiO,) 

Alumina  (AI,0,) 

Iron  oxide  (Fe,Oa)  -  -  - 

Magnesia  ( MgO) 

Carbon  dioxide  (OOj) 


1 

Marl,  a 

Clay. 

47.68 
6.22 

59.22 

1.70 
.66 

} 

20.82 

.62 

3.09 

42.11 

Cement. 


{ 


62.22 
22.51 
9.17 
2.54 
1.08 
1.86 


a  Calculated  without  moisture. 

A  report  by  Mr.  W.  W.  Maclay,  dated  April  28,  1892,  gives  the 
average  tensile  strength  obtained,  as  follows: 

Pounds. 

Neat,  7  days 649 

Mortar  (1:2),  7  days 245 

Mortar  (1:2),  28  days 418 

The  works  at  Montezuma  were  entirely  destroyed  by  fire  in  June, 
1893,  and  have  never  been  rebuilt.  The  plant  is  of  particular  interest 
because  of  the  advanced  technologic  methods  there  employed.  It  was 
the  first  American  plant  in  which  wet  raw  materials  were  fed,  without 
drying  or  briquetting,  directly  into  rotary  kilns. 

ConcluMoti, — ^The  history  of  the  above  plants,  which  bore  a  certain 
relationship  to  each  other  either  in  locality  or  management,  overlaps, 
in  point  of  date,  the  beginning  of  the  present  system  of  New  York 
cement  plants.  The  destruction  by  fire  of  the  South  Rondout  and 
Montezuma  plants  terminated  the  connection  of  the  early  experi- 
menters with  New  York's  cement  industry,  and  the  early  history  of 
that  industry  may  be  said  to  end  in  1893.  As  early  as  1886  another 
Portland  plant  had  been  erected,  but  this  plant  was  managed  by  an 
Englishman,  and  the  problem  was  attacked  in  an  entirely  different 
manner.  The  earlier  plants  had  been  aggressively  original  and  Ameri- 
can; the  plant  at  Warners,  with  its  dome  kilns  and  wet  mixing,  was 
ultra-English.  Until  within  the  last  few  years  the  typical  New  York 
plant  has  been  one  using  marl  and  clay,"  mixing  wet,  briquetting  and 
drying,  and  burning  in  dome  kilns.  The  Warners  Portland  Cement 
Company  erected  a  rotary-kiln  plant  near  Warners,  Onondaga  County, 
but  it  was  in  operation  only  a  short  time,  and  has  been  shut  down 
since  1894. 


aThere  was,  in  fact,  but  one  exception  to  this  rule.    The  Olens  Falls  Portland  Cement  Company,  at 
tilens  Falls,  Warren  County,  has  operated  Schofer  kilns  since  1894  on  limestone  and  clay. 
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PRESENT  CONDITION. 

Ten  Portland  cement  plants  are  now  in  operation  in  New  York  State. 
One  employs  Trenton  limestone  and  clay,  four  use  Helderberg  lime- 
stones with  clay  or  shale,  one  usesTully  limestone  and  shale,  and  four 
employ  marl  and  clay.  Another  plant,  using  marl  and  clay,  has  been 
idle  for  some  years,  but  is  described  below. 

Alsen's  American  Portland  Cement  Works  are  located  at  West 
Camp,  or  Alsen  station,  Greene  County,  near  the  plant  of  the  Catskill 
Cement  Company.  The  materials  used  are  the  Becraft  limestone,  of 
the  lower  Helderberg,  and  clays  of  Quaternary  age.  As  usual  with 
these  clays  along  the  Hudson  River  considerable  trouble  has  been 
encountered  in  using  them  for  cement  material.  Excellent  shales, 
however,  occur  in  the  immediate  vicinity  of  the  plant,  and  these  can 
be  used  with  the  limestone.  The  latter  is  of  the  usual  composition  of 
the  Becraft,  high  in  lime  carbonate  (about  95  per  cent)  and  low  both 
in  clayey  matter  and  magnesium  carbonate. 

The  plant  of  the  American  Cement  Company,  located  2  miles  east  of 
Jordan,  Onondaga  County,  was  erected  in  1892.  The  works  were 
operated  without  interruption  until  1900,  when  they  were  shut  down, 
owing  to  new  construction  by  the  company  at  Egypt,  Pa. 

The  materials  used  were  marl  and  clay,  both  obtained  from  a  marsh 
near  the  works,  another  bed  of  marl  being  owned  bj*  the  company 
nearer  to  Jordan  station.  The  marl  is  white,  and  the  bed  varies  in 
thickness  from  8  to  15  feet.  It  is  overlain  by  a  thin  bed  of  muck  and 
underlain  by  a  blue  clay.  The  muck  being  stripped,  the  marl  and 
clay  were  dug  and  transported  to  the  works  by  a  wire  ropeway.  The 
clay  was  dried  and  ground  separately,  after  which  it  was  mixed  with 
the  marl  in  pug  mills.  The  resulting  slurry  was  spread  out  on  a  drj^- 
ing  floor  and  cut  into  bricks.  These  bricks  were  then  loaded  on  plat- 
form cars,  dried  in  tunnels  heated  by  coal  fires,  and  fed  to  the  kilns. 
Twelve  kilns,  of  the  dome  type,  were  in  use,  coke  being  used  as  fuel. 

The  clinker  was  reduced,  first  in  Gates  and  Mosser  crushers,  and 
finally  in  Griffin  millss.  The  cement  was  marketed  as  the  Giant 
(Jordan)  brand.  The  following  analyses  of  the  raw  materials  and  fin- 
ished product  were  furnished  by  the  company: 

Analyses  of  cement  materials  vised  by  American  Cement  Company y  Jordan ^  N.  Y. 


Silica  (SiO,) 

Alumina  ( A1,0,) 

Iron  oxide  (FejOj) 

Lime(CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SO,) 


Marl. 


} 


0.14 

.36 

53.16 
1.50 


Clay. 


65.68 

24.08 

2.01 
1.75 


Cement. 


{ 


21.86 
7.17 
3.  73 

61.14 
2.34 
1.94 
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The  Portland  plant  of  the  Catskill  Cement  Company,  located  at 
Smiths  Landing,  Greene  County,  was  erected  in  1899  and  shipments 
were  commenced  in  July,  1900.  The  materials  used  are  clay  from  the 
river  terraces  and  limestone  of  Helderberg  age.  A  bucket  cableway 
is  used  to  transport  the  raw  materials  from  the  quarry  and  clay  bank 
to  the  works.  The  following  avemge  analyses  of  these  materials  were 
furnished  by  the  company: 

Analyaes  of  limestone  and  clay  used  by  Catskill  Cement  Company. 


Silica  (SiO,) 

Alumina  (AljO,) 

Iron  oxide  (Fe,Oa) 

Lime(CaO) 

Magnesia  (MgO) 

Alkalies 

Sulphur  trioxide  (SOj) 


Limestone. 

Clay. 

1.54 

61.92 

.39 

16.58 

1.04 

7.84 

53.87 

2.01 

.52 

1.58 

.00 

3.64 

.00 

Trace. 

The  limestone  is  dried  and  then  reduced  in  a  Smidth  ball  mill.  The 
clay  is  passed  through  a  roll  disintegrator  and  is  dried.  The  materials 
are  at  this  stage  mixed  dry,  and  the  mixing  and  reduction  are  com- 
pleted in  Davidson  tube  mills.  Two  rotary  kilns  are  in  operation, 
having  a  total  capacity  of  about  300  barrels  a  day.  The  clinker  is 
crushed  in  ball  mills  and  receives  its  final  reduction  in  tube  mills.  The 
cement  is  marketed  as  the  ''  Catskill  "  brand.  The  following  analyses 
of  the  finished  product  were  furnished  by  the  company,  1  and  2  having 
been  made  in  their  laboratory,  while  3  was  made  by  H.  E.  Keifer: 

Analyses  of  cement  made  by  (Catskill  Cenievt  Company. 


Silica  (SiO,) 

Alumina  ( AljOj) 

Iron  oxide  ( Fe,Os) 

Lime  (CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SO,) 


1 

1 
t 

22.48 

21.94 

6.52 

6.02 

4.46 

4.38 

62.93 

64.62 

1.48 

1.25 

1.30 

1.12  1 

23.  44 
6.35 
3.  99 

63.21 
1.15 
1.22 


The  plant  of  the  Cayuga  Portland  Cement  Company  is  located  at 
Portland  Point,  Tompkins  County,  on  the  east  shore  of  Cayuga  Lake. 
The  materials  used  are  the  Tully  limestone  and  shales  of  the  underly- 
ing Hamilton  group. 
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The  following  analysis,  by  J.  H.  McGuire,  chemist  of  the  Cayuga 
plant,  shows  the  composition  of  the  limestone  and  shale  used  here. 

Analyses  of  cement-making  material  used  by  Cayuga  Porttand  Cement  Company, 


Silica  (SiO,) 

Alumina  (A  1,0s)  • 
Iron  oxide  (FejOj) 
Lime(CaO) 

Magnesia  (MgO)  . 


t 

Limestone. 

/ 

9.72* 

6.30 

7.88 

4.20 
.48 

1    3.35 

4.01 

47.11 

50.25 

48.  lU 

.66 

.22 

.53 

Shale. 


58.44 


57. 82 


27.45       21.76 


1.16 
2.23 


8.32 
1.81 


I 


60.02 

26.60 

2.31 
1.62 


In  1886  T.  Millen  &  Sons  commenced  the  manufacture  of  Portland 
cement  at  Warners,  Onondaga  County.  In  1890  the  plant  was  pur- 
chased by  the  Empire  Portland  Cement  Company  and  the  works  were 
almost  entirely  rebuilt,  a  much  larger  output  being  secured  by  the 
improvements  then  introduced.  Since  that  date  the  plant  has  been  in 
constant  operation,  with  the  exception  of  stops  aggregating  only  some 
five  or  six  weeks  in  all,  caused  by  fires. 

The  materials  used  are  marl  and  clay,  obtained  from  a  swamp  in  the 
vicinity  of  Warners,  the  present  workings  !)eing  located  about  three- 
fourths  of  a  mile  from  the  works.  The  marl  bed  covers  an  area  of 
several  hundred  acres,  of  which  about  100  acres  have  already  been 
excavated.  A  revolving  derrick  with  clam-shell  bucket  is  employed 
for  excavating  the  marl,  the  clay  being  dug  by  hand.  The  materials 
are  taken  to  the  works  over  a  narrow-gage  railway  owned  by  the  com- 
pany, on  cars  carrying  from  3  to  5  tons  each,  drawn  by  a  small  locomo- 
tive. At  the  works  the  cars  are  hauled  up  an  inclined  track  by  means 
of  a  cable  and  drum  to  the  mixing  floor. 

The  swamp  from  which  the  i-aw  materials  are  obtained  shows  sec- 
tions, from  top  to  bottom,  approximately  as  follows: 

Section  in  swamp  at  Warners^  N.  Y. 

Feet. 

Muck 1-2 

Upper  Ijed,  white  marl 4-7 

Lower  bed,  gray  to  brown  marl 4-7 

Sand 0-1 

Bluish  clay 2-5 

As  might  be  expected  from  the  relative  color  of  the  marls,  the 
material  from  the  lower  bed  shows  on  analysis  more  organic  matter 
than  that  from  the  upper  bed,  for  which  reason  more  of  it  must  be 
used  with  the  same  amount  of  clay  than  of  marl  from  the  upper  bed. 
This  distinction  is  a<H;ompanied  by  other  slight  but  rather  constant 
differences  in  chemical  composition,  which  have  also  to  be  taken  into 
account  in  the  preparation  of  the  cement  mixture. 
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Analjvses  1  and  3,  below,  are  quoted  by  Cummings  (American  Cements, 
p.  253),  while  2  and  4  were  furnished  by  the  Empire  company. 

Analyses  of  oemerU'^making  matericd  used  at  Warners,  N,  Y. 


Silica  (SiO,) 

Alumina  ( Al,Oj) 

Iron  oxide  (FCjOj) 

Lime  carbonate  ( CaCOj) 

Magneflium  carbonate  (MgCO,) 

Potash  (K,0) 

Sulphur  trioxide  (SO,) 

Oi^nic 

Water+losfl 


Marl. 


} 


0.26 


.10 


8 


{ 


0.28 

.21 
.01 


94.39  I     91.  as 
.38  '         .40 


1.54 
3.10 


1.68 
6.30 


Clay. 


} 


40.  i8 

20.95 

25.80 

.99 

3.14 


} 


8.50 


{ 


42.85 

13.51 
4.49 

22.66 
6.92 
3.08 
2.85 


This  clay  runs  higher  in  lime  than  any  other  used  in  the  State,  the 
clay  showing  the  nearest  approach  to  it  being  that  used  at  Wayland, 
which  carries  a  little  less  than  20  per  cent  of  lime  carbonate. 

Of  the  analyses  of  the  Empire  brand  below,  1  is  quoted  by  Cum- 
mings (American  Cements,  pp.  36),  2  by  Lewis  (Mineral  Industry, 
VI,  pp.  99),  while  3  was  furnished  directly  by  the  company. 

Analyses  of  cement  made  by  Empire  Cement  Company,  WamerSj  N,  Y, 


Silica  (SiO,) 

Alumina  ( AlgO,) 

Iron  oxide  (FcjOj) 

Lime(CaO) 

Magnesia  ( MgO) 

Alkalies 

Sulphur  trioxide  (SOa) 


t 


20.80 
7.39 
2.61 

64.00 


22.04 
6.45 
3.41 

60.92 
3.53 


2.73 


21.98 
8.20 
3.70 

61.83 

1.43 

.84 

1.18 


In  1893  the  Glens  Falls  Portland  Cement  Company  commenced  the 
erection  of  a  plant  at  Glens  Falls,  Warren  County,  and  its  cement  was 
put  on  the  market  in  1894,  as  the  ^^Iron  Clad'^  brand.  Six  shaft  kilns 
of  the  Schoefer  tj'pe  were  installed,  the  Glens  Falls  plant  being  there- 
fore the  second  in  this  country  to  make  use  of  this  type  of  kiln. 
Though  highly  economical  in  fuel,  the  kiln  is  rather  expensive  in  both 
the  quantit}''  and  quality  of  manual  labor  required  to  operate  it  prop- 
erly. A  fire  in  August,  1899,  destroyed  the  plant,  which  was  rebuilt 
to  give  a  nominal  capacity  of  500  barrels  a  day,  and  the  manufacture 
of  cement  was  recommenced  in  August,  1900. 
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The  materials  used  are  limestone  and  clay.  The  former  is  of  Tren- 
ton age,  and  is  obtained  from  the  Glens  Falls  quarries.  Considerable 
care  is  required  in  selecting  and  mixing  the  stone  from  the  various 
layers,  in  order  to  obtain  a  suitable  and  uniform  product.  A  very 
clean  and  uniform  clay,  overlying  the  limestone  in  this  area,  is  the 
other  ingredient.    The  composition  of  these  materials  is  shown  below. 

Analyses  of  cement-smoking  materials  used  cU  Olen  Fhlls,  N,  Y, 


Silica  (8iO,) 

Alumina  ( A1,0,) 

Iron  oxide  (FcjOj) 

Liine(CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SOs) 
Carbon  dioxide  ((X),)  . 
Oi^ganic  and  water 


Limestone. 

Clay. 

3.30 

55.27 

1        1.30 

28.15 

62.15 

6.84 

1.68 

2.25 

.30 

.12 

40. 9S 

8.37 

The  limestone  and  clay  are  separately  dried,  and  crushed  in  Blake* 
crushers  and  rolls.  After  being  weighed  on  automatic  scales,  the 
materials  are  mixed  dry  and  reduced  to  a  fine  powder  in  Griftin  mills. 
The  powder  is  then  fed  into  wet  mixers,  where  suflScient  water  is 
added  to  allow  it  to  be  made  up  into  bricks.  These  are  dried  in  tun- 
nels heated  by  waste  heat  (from  the  boiler)  driven  through  the  tunnel 
system  by  blowers.  After  drying,  the  bricks  are  burned  in  Schoefer 
kilns,  coal  being  used  as  fuel.  The  clinker  is  passed  first  through 
Smidth  ball  mills  and  finally  reduced  in  Davidsen  tul)e  mills. 

An  average  analysis  of  the  Iron  Clad  cement  is  given  below. 

Analysis  of  cement  mmle  at  Glen  Iblls^  N.  Y. 

Silica  (SiO,) 21.50 

Alumina  (AlA) - \  .^  ^ 

Iron  oxide  (FcjOs) /  ^"'^ 

Lime(CaO) 63.50 

Magnesia  (MgO) 1.80 

Potash  and  Boda  (K»OandNa,0) 40 

Sulphur  trioxide  (SO,) 1.50 

HBLDERBBRO  CSMBNT  COMPANY. 

The  plant  of  the  Helderberg  Cement  Company  is  located  at  Ilowe's 
Cave,  Schoharie  County.  Quarries  in  the  Salina  or  Waterlime  group 
at  this  point  have  been  long  used  for  the  manufacture  of  natunil 
cement,  while  quarries  higher  up,  both  geologically  and  topographic- 
ally, furnished  a  very  pure  limestone,  which  was  burned  into  lime. 
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In  1898  the  Helderberg  Cement  Company  began  to  utilize  the  stone 
from  these  latter  quarries  in  the  manufacture  of  Portland  cement. 
Commenced  on  a  small  scale,  the  industry  would  seem  to  have  prom- 
ised favorable  results,  as  a  much  larger  plant,  belonging  to  the  same 
company,  was  erected  during  1900  and  has  recently  started  operations. 
The  new  plant  has  a  nominal  capacity  of  1,500  barrels  a  day.  The 
materials  used  are  limestone  and  clay. 

As  noted  below,  the  limestone  used  for  Portland  cement  is  obtained 
from  the  old  lime  quarries  and  the  clay  from  a  Quaternary  deposit  in 
the  vicinity.  Smidth  ball  mills  and  Davidsen  tube  mills  are  used  for 
crushing,  reducing,  and  mixing  the  materials.  The  wet  process  is 
employed,  and  twelve  rotary  kilns  are  in  use.  The  resulting  clinker 
is  ground  in  ball  mills  and  tul>e  mills,  and  the  product  is  marketed  as 
the  '"Helderberg"  brand. 

The  limestone  used  in  Portland-cement  manufacture  is  obtained 
from  the  Becraf t  and  Manlius  beds,  exposed  in  quarries  just  west  of 
the  station,  on  the  northern  side  of  the  railroad  track.  Partial  analy- 
ses of  these  limestones,  quoted  by  Prosser  as  having  been  made  by 
C.  A.  Schaeffer,  follow. 

Analyses  of  limestoTies  used  at  Hmves  Cavet  N.  Y. 


Manliiu)  limdetone 1. 48        95. 75 

Becraft  limeatone 4.12  i      93.68 


CaCOs 


'}      .73 


Another  sample  analyzed  by  Schaeffer  gave  the  results  stated  below. 

Analysis  oflimeMone  used  for  making  cement  at  Hou^s  Cat^e^  N.  K 

Silica  (SiO,) 1.27 

Alamina  ( AljOj ) 

Iron  oxide  ( Fe^Oj) 

Lime  carbonate  (CaCOj) 97.24 

Magnesiam  carbonate  (MgOOs) 1. 39 

Sulphur  trioxide  (SO,)  ....•••.••• Trace. 

The  plant  of  the  Hudson  Portland  Cement  Company  is  located  in 
the  city  of  Hudson,  Columbia  County,  and  is  therefore  the  only  cement 
plant  in  the  United  States  situated  east  of  the  Hudson  Kiver.  The 
limestone  used  here  is  obtained  a  few  miles  from  the  plant  from  an 
outlying  area  of  the  Becraft  (lower  Helderberg)  limestone,  known  as 
Beci-aft  Mountain.  .Quaternary  clays  and  shales  of  Hudson  (Ordovi- 
cian)  age  are  used  to  complete  the  mixture.  The  plant  itself  was 
recently  constructed,  and  at  present  ten  kilns  are  opemted.  Analyses 
by  Herberg  and  Roney  of  the  clays  and  shales  used  here  follow. 
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Ancdygea  of  cement-making  materials  used  at  Hudson^  N.  Y, 


Silica  (SiO,) 

Alumina  (AljO,)  .. 
Iron  oxide  ( FejOs) 

Liine(CaO) 

Magnesia  (MgO)  .. 


Shale. 

Clay. 

54.70 

64.30 

58.90 

52.  00 

1  31.68 

33.60 

27.50 

31.00 

1.15 

1.46 

4.08 

7.10 

n.  d. 

1.30 

.79 

3.33 

52.10 

35.56 

5.90 
3.33 


The  Iroquois  Portland  Cement  (!!ompany  has  recently  built  a  plant 
near  Caledonia,  Livingston  (!!ounty.  Marl  from  a  deposit  near  the 
plant  is  mixed  with  clay  brought  from  Canawangus,  Genesee  County. 
Both  materials  are  dried  before  mixing.  Analyses  of  the  i*aw  mate- 
rials follow: 

Analyses  of  cernent-makiiig  materials  used  near  Caledonia^  N.  Y, 


Silica  (SiO,) 

Alumina  ( Al^Oa ) 

Iron  oxide  ( Fe,Os) 

Lime(CaO) 

Magnesia  ( MgO) 

Sulphur  trioxide  (SO3) 


Marl. 

0.4 

.2 

.2 

53.5 

.3 

1.7 


Clay. 


62.5 

20.2 

7.5 

.8 

1.8 

.4 


After  having  disposed  of  their  plant  at  Warners,  Onondaga  County, 
to  the  Empire  Portland  Cement  Company,  T.  Millen  &  Co.  erected 
their  present  plant  at  Wayland,  Steuben  County,  which  commenced 
producing  in  October,  1892.  The  works  were  destroyed  by  fire  in 
July,  1893,  but  were  rebuilt  and  began  shipping  again  in  October,  1893. 

The  materials  used  are  marl  and  clay.  The  marl  is  obtained  from  a 
swamp  near  the  mill,  about  185  acres  of  marsh'  land  being  owned  by 
the  company.  The  marl  deposit  is  about  6  feet  thick.  Unlike  the 
Onondaga  County  deposits,  however,  the  marl  bed  is  not  underlain  by 
clay,  and  the  latter  material  has  to  be  brought  from  a  bank  near 
Mount  Morris,  in  Livingston  County.  The  clay  deposit  there  worked 
is  one  of  a  series  which  occur  in  the  terraces  bordering  Canasei*aga 
Creek  and  Genesee  River,  extending  more  or  less  continuously  from 
Dansville  nearly  to  Rochester.  The  clay  for  cement  is  worked  at  a 
point  about  4  miles  south  of  Mount  Morris,  and  is  shipped  over  the 
Delaware,  Lackawanna  and  Western  Railroad  to  the  works,  a  distance 
of  about  20  miles. 

The  clay  is  dried  over  steam  coils,  ground  in  a  Potts  disintegrator, 
and  mixed  with  the  marl  in  a  revolving  mixer.  The  slurry  is  then 
piissed  through  pug  mills  and  made  into  bricks.     These  bricks  are 
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dried  in  tunnels  and  burned  in  dome  kilns,  16  of  which  are  in  opera- 
tion. Blake  crushers,  Millen  crackers,  and  Sturtevant  rock  emery 
mills  are  used  in  the  reduction  of  the  clinker.  The  cement  is  mar- 
keted as  Millen's  Wavland. 

Analyses  of  the  raw  materials  and  of  the  finished  product,  furnished 
by  the  company,  follow. 

Amdyaea  of  clay,  marl,  and  cement,  Mount  Morris,  N,  Y. 


Silica  (SiO,) 

Alumina  (Al,Os) 

Iron  oxide  (Fe,Os) 

Lime  carbonate  (CaCOs) 

Lime(CaO)  

Magneeium  carbonate  {MgOO}) 

Magnesia  ( MgO) 

Lime  sulphate  (CaSO| ) 

Sulphur  trioxide  (SO,) 

Moisture  and  organic  matter  . . . 
Alkalies  and  loss 


Clay. 


46.21 

19.  OS 

6.74 

19.94 


3.27 


1.55 
4.17 


Marl. 


Cement. 


0.42  i     2L0S 
I    1.08  I      9.56 


93.5 
2.13 
2.01 
.86 


64.68 

1.85 
I 

1.93 
.9 


22.19 
9.72 


63.08 
2.04 


1.75 
1.22 


The  analyses  of  the  clinker  were  made  for  the  company  by  Dr.  F.  E. 
Engelhardt,  of  Syracuse,  N.  Y. 

The  plant  of  the  Wayland  Portland  Cement  Company  is  located  at 
Per  kins  ville,  in  the  town  of  Wayland,  Steuben  County.  It  was  erected 
in  1896  and  has  operated  continuously  to  date. 

The  materials  used  are  a  light-colored  marl,  found  in  a  deposit  2  to 
14  feet  thick,  overlain  by  6  inches  to  3  feet  of  muck,  which  occurs  in 
a  marsh  near  the  works,  and  light-gray  (Pleistocene)  clay  from  Mount 
Morris,  Livingston  County.  The  marl  here,  as  at  Millen's,  is  not 
underlain  by  clay.  The  following  analyses  of  the  raw  materials  were 
furnished  by  the  company: 

Aiudyses  of  marl  and  day  from  Mount  Morris,  N,  Y. 


m\csL(SiO,) 

Alumina  and  iron  oxide  ( Al^Os  and  Fe^Oj) 

Lime  (CaO) 

Magnesia  (Mg<)) 

Loss  on  ignition 


Clay. 


53.5 
24.2 
5.15 
2.15 
14.1 


The  clay  is  dried  over  nteam  pipes,  broken  to  about  one-fourth*  to 
one-half   inch   size   in   a  Potts  disintegrator,   and    sent    through   a 
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BuIIobk  buhrstone  mill,  which  grinds  to  about  16  mesh.  It  is  then 
weighed  and  mixed  with  the  wet  marl  as  both  are  shoveled  into  the 
chutes  leading  to  the  revolving  mixer.  The  mixture  then  goes  to  the 
pug  mills  and  is  made  into  bricks,  which  are  sent  to  the  drying  tun- 
nels. The  lower  tier  of  these  tunnels  is  heated  by  direct  heat,  on  the 
Cunmier  system;  the  upper  tier  by  exhaust  steam.  Sixteen  dome 
kilns  are  in  use.  From  the  kilns  the  clinker  goes  to  an  18  by  30  inch 
Blake  crusher;  then  to  dry  pans,  receiving  its  final  reduction  in 
Sturtevant  rock  emery  mills.  The  product  is  marketed  as  the  Genesee 
Wayland  brand. 

Two  firms  in  New  York  State  manufacture,  in  addition  to  their  nat- 
ural cements,  brands  which  are  marketed  as  ^^  natural  Portlands.''  The 
limestone  is  fed,  without  previous  grinding  or  admixture,  direct  to 
the  kilns.  As  the  limestone  used  carries,  as  shown  by  analyses  of 
their  natural  cements,  an  amount  of  magnesia  (over  8  per  cent  in  the 
finished  product),  at  present  considered  inadmissible  in  a  Portland, 
the  value  of  the  resulting  cements  is  problematical.  From  laboratory 
tests  it  would  seem  that  they  can  usually  pass  all  Portland  require- 
ments, though  rather  low  in  tensile  strength  on  short-time  tests. 
Concerning  the  qualities  which  they  develop  when  used  in  actual  work, 
no  information  has  been  obtained;  but  the  cements  can  not  be  worse 
than  some  of  the  poorer  foreign  Portlands  which  are  unloaded  upon 
the  American  market.  Cements  of  this  type  can,  of  course,  be  placed 
upon  the  market  profitably  at  a  price  only  slightly  above  that  of 
^^  natural"  cements,  the  only  additional  cost  being  due  to  a  little  extra 
expense  in  grinding  the  clinker. 

PORTIiAND-CEMENT  RESOURCES  OF  NORTH  CAROMNA. 

No  cement  plants  have  ever  been  operated  in  North  Carolina,  and 
the  State  will  probably  never  be  an  important  cement  producer,  because 
of  the  conditions  as  to  fuel  and  the  lack  of  local  markets.  If  com- 
mercial conditions  should  justify  the  erection  of  a  cement  plant,  how- 
ever, good  raw  materials  are  available. 

The  limestones  suitable  for  cement  manufacture  in  North  Carolina 
fall  into  two  classes,  distinct  geographically  as  well  as  geologically. 
There  are  (1)  the  crystalline  limestones  of  western  North  Carolina; 
(2)  the  soft  limestones  of  eastern  North  Carolina. 

CRYSTALLINE   LIMESTONES. 

In  the  extensive  area  of  metamoiphic  and  igneous  rocks,  that  covers 
the  western  half  of  North  Carolina,  outcrops  and  beds  of  cr3^stalline 
limestones  or  marbles  are  common.  Many  of  these  marbles  are  highl}^ 
magnesian  in  composition,  but  the  specimens  used  for  the  analyses 
given  below  were  low  in  magnesia. 
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Analyses  of  rrifsUdline  limestones^  North  (Jarolhia. 


Silica  (SiO,) [      1.20 

Alumina  ( Al^Oj) 

Iron  oxide  { Fe,Os) 

Lime  (CaO) 

Magnesia  ( M^sO) 


} 


.82 

52.90 
1.91 


2.93 

1.17 

49.83 
3.61 


1.  Culbenion  quarry,  11  miles  southwest  of  Murphv,  Cherokee  Ck)unty. 

2.  Kinsey  quarry,  5  miles  south  went  of  Murphy,  (.Cherokee  County. 
Baskerville,  anaiy!<t.    Bull.  North  Carolina  Geol.  Survey  No.  1,  p.  238. 


So  far  as  comiK)sition  goes,  these  are  certainly  satisfactory  enough 
for  use  in  cement  manufacture,  but  commercial  considerations  would 
prevent  the  erection  of  a  Portland  cement  plant  in  this  part  of  the 
State. 

SOFT   LIMESTONES. 

In  the  eastern  part  of  North  Carolina  heavA^  beds  of  soft  limestone 
occur  in  the  Eocene  and  Miocene  formations  of  the  coastal  plain.  These 
soft  limestones  are  the  "marls"  of  early  geological  reports,  but 
should  not  be  confused  with  the  fresh-water  marls  now  so  largely  used  as 
cement  materials.  The  North  Carolina  limestones  are  usually  low  in 
magnesia,  but  often  contain  considerable  percentages  of  clayey  matter 
or  of  sand.  A  deposit  free  from  sand  would  be  an  excellent  material 
for  use  in  making  Portland  cement,  and  clays  to  complete  the  mixture 
can  readily  be  obtained  in  the  same  formations. 

Analyses  of  soft  liinesiones  (*^  marls**  )^  North  Carolina. 


No. 

.Silica 

4.88 
7.27 

3.  54 
4.56 
6.97 

26.35 

20.;^ 

7.27 

1.22 

3.54 

4.  95 

Alumina 
(A1,0,): 

iron  oxide 
(FesOs). 

Lime 

(CaU) . 

MagiieHiar 
(MgO).   ' 

Alkalies 

(KgO.  Naj 

O). 

Sulphur 
trioxide 

(SO,). 

Carbon  di- 
oxide 

(COs), 

Water  aud 
oi;^nic 
matter. 

1 

1.60 
5.23 

.97 
1.62 

.86 
5.47 
3.83 
1.63 
1.30 

.97 

50.80 
48. 55 
51.74 
50.04 
47.62 
33.03 
39. 96 
48.55 
52.90 
51.  74 
50.59 

0.67 
1.39 

.50 
1.72 
1.03 

.59 
1.42 

1.;^ 

1.07 
.50 
.58 

1.79 

1.06 

1.64 

.14 

.52 

.93 

.79 

1.06 

.30 

1.64 

.85 

o.:j3 

.20 
.49 
.45 
.41 
,28 
.24 
.20 
.08 
.49 
.18 

40.60 
39.  35 
40.61 
40.55 
38.15 
24.89 
32.46 
39.35 
42.33 
40.61 
40.29 

0.27 

2 

.45 

3 

.16 

4 

.58 

5 

4.25 

6 

6.89 

/.. 

.52 

8 

.45 

9 

.46 

10 

.16 

11 

.26 

I.  Near  Kinston,  Neu5»e  River. 

'2.  Twenty-five  miles  north  of  Wilmiuffton. 

3.  Wilmington. 

4.  NenrNewberne. 

ft.  Lumber  Kiver,  Rol>eson  County. 

0.  Cape  Fear  Kiver,  26  miles  north  of  Wilmington. 

7.  Kenansville,  Duplin  Countv. 

8.  9.  Two  mileH  above  R<x'ky  l*oint,  New  Hanover  County. 

10.  One  mile  northeiust  of  Wilmington,  New  Hanover  (bounty. 

II.  One  mile  west  of  RiK-ky  Point,  New  Hanover  County. 

1  to  6.  Boganlus  anil  Hamia,  analyMts;  vol.  6,  Tenth  Census  Reports,  p.  554. 
7  to  11.  Quoted  by  Kerr,  Kept.  (ieol.  Survey  North  Carolina,  vol.  1,  pp.  191. 
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PORTIiANI>-CEMENT  RESOURCES  OF  NORTH  DAKOTA. 

OnW  one  limestone  formation  of  any  importance — the  Niobrara  chalk, 
of  Cretaceous  age — Is  found  in  North  Dakota,  and  even  this  is  almost 
entirely  concealed  by  a  thick  covering  of  drift.  The  Niobrara  chalk 
is  the  formation  which  is  now  utilized  for  Portland-cement  manufac- 
ture at  Yankton,  S.  Dak.,  while  it  gives  promise  of  being  a  future 
source  of  eement  material  in  Nebraska  and  Iowa. 

The  physical  characters  and  chemical  composition  of  the  Niobrara 
chalk  throughout  various  portions  of  its  range  are  fully  described  in 
the  text  relating  to  deposits  in  the  States  above  mentioned,  and  analy- 
ses will  beJound  on  pages  148  and  301.  It  is  of  peculiar  value  as  a 
Portland-cement  material,  both  because  of  its  softness,  which  permits 
it  to  be  easily  crushed  and  pulverized,  and  because  of  its  usual  freedom 
from  magnesia  and  other  injurious  ingredients.  Outcrops  of  the  Nio- 
brara chalk,  moreover,  are  commonly  capped  by  clays  of  the  Pierre 
group,  which  furnish  admirable  materials  for  mixing  with  the  chalk. 

Portland  cement  manufacture  has  been  attempted  at  only  one  point 
in  North  Dakota,  and  here  the  Niobrara  chalk  was  found  to  be  too  low 
in  lime  to  be  used  for  this  purpose.  Analy^ses  of  the  materials  at  this 
point  will  be  found  in  the  section  on  natural  cement,  page  352. 

PORTIiAND-CEMENT  R»iOURCBS  OF  OHIO. 

PORTLAND-CEMENT  MATERIALS. 

The  geologic  groups  which  contain  low-magnesia  limestones  in  Ohio 
are  the  following: 

(1)  Trenton  limestone. 

(2)  Cincinnati  series  of  limestones  and  shales. 

(3)  Clinton  limestone. 

(4)  Corniferous  (Devonian)  limestone. 

(5)  Max vi lie  (Mississippian)  limestone. 

(6)  Ferriferous  and  other  Coal  Measure  (Pennsylvania)  limestones. 

(7)  Quaternary  marls. 

The  distribution  throughout  the  State  of  the  first  six  of  these  lime- 
stone groups  is  shown  on  the  map,  PI.  XII. 

TRENTON  SERIES.a 

This  series  consists  of  shale  and  pure  limestone.  It  outcrops  as  a 
narrow  strip  along  the  Ohio  River  from  the  mouth  of  the  Little  Miami 
to  a  point  a  mile  or  two  above  New  Richmond.  This  is  the  formation 
that  the  Mentor  plant  on  the  south  side  of  the  Ohio  River  has  been 
planned  to  use. 

In  view  of  the  cheapness  of  fuel  and  transportation,  the  abundance 
and  its  general  excellence  of  material,  and  the  ease  with  which  it  may 
be  procured,  the  strips  bordering  the  Ohio  River  from  Madison,  Ind., 
to  Maysville,  Ky.,  seem  to  offer  unusually  promising  locations  for 
Portland  cement  plants. 

a  Most  of  the  notes  on  the  Trenton  and  Cincinnati  limestones  were  contributed  by  Mr.  £.  O.  Ulrich 
of  the  U.  8.  Oeol.  Survey. 
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CINCINNATI  QUO  UP. 

This  series  may  be  separated  into  three  well-marked  divisions  or 
groups.  The  lower  division,  about  250  feet  thick,  consists  almost 
entirely  of  shale;  the  middle  division,  200-250  feet  thick,  contains 
numerous  layers  of  limestone  from  3  feet  to  20  feet  thick,  the  lower 
half  constituting  the  ''Hill  Quarry  beds"  at  Cincinnati.  The  upper 
division  (Richmond  group)  consists  of  numerous  alternating  beds  of  soft 
shale  and  limestone,  with  usually  a  heavy  bed  of  shale  at  the  base  and  top. 

Analyses  of  Trenton  and  CincinnaH  HmesUmeSt  Ohio, 


No. 


1 
2 
3. 
4. 


Alumina 

(Al^a): 

iron  oxide 

(FCaOs). 


3.40 

1.40 

«3.78 

7.00 


Lime  (CaO) 


39.93 
48.50 
49.28 
44.41 


Magnesia 
(MgO). 

Carbon 
dioxide 

(CO,) : 
water. 

0.91 
.54 
.98 
.44 

32.35 
38.69 
38.72 
35.36 

a  Alumina,  2.48;  inn  oxide,  1.30. 

1.  Limestone  in  Trenton  series,  river  quarries,  Cincinnati.    Wormley,  analyst.    Geol.  Survey  Ohio, 
vol.  1,  p.  874. 

2.  Limestone  in  Trenton  series.  New  Richmond.    Wormley,  analyst.    Geol.  Srrvey,  Ohio,  vol.  1. 
p.  374. 

3.  Limestone  bed  in  Cincinnati  series,  Cincinnati.    W.  Simonson,  analyst. 

4.  Limestone  in  Trenton  series.  Point  Pleasant.    Wormley,  analyst.    Geol.  Survey,  Ohio,  vol.  1, 
p.  874. 

CLINTON  LIMESTONES. 

The  Clinton  limestones,  exposed  and  quarried  at  many  points  in  the 
southwestern  quarter  of  Ohio,  are  commonly  fairly  low  in  magnesia. 
They  range  from  80  to  95  per  cent  in  lime  carbonate,  rarely  going  above 
the  latter  limit.  Occasional  beds  are  almost  free  from  magnesium 
carbonate,  while  others  may  carry  10  per  cent  of  this  constituent. 


Analyses  of  Clinton  limesUmes,  Ohio. 

No. 

Silica  (SlOa). 

Alumina 

(AlaOs).- 

iron  oxide 

(Fe^,). 

0.55 

1.60 

.40 

1.20 

2.00 

.'29 

.26 

.36 

.41 

Lime  car- 
bonate 
(CaCOa). 

Magnesium 
c*arbonale 
(MgCO,). 

1 

1.30 

2.00 
.07 
.80 

2.20 
.83 
.45 

1.64 
.70 

90.03 
93.00 

'      95.60 
91.30 
84.50 
96.80 
95.03 
97.09 

•      97. 14 

5.71 

2 

3.04 

3 

3.93 

4 

6.51 

5 

11.16 

6 

2.07 

7 

4.a5 

^ 

.82 

9 

1.21 

' 

1.  Dayton,  Montgomery  County. 

2.  Adams  County. 

3.  New  Carlisle,  Miami  Countv. 

4.  Smiths  quarry,  Ludlow  Falls. 

5.  McDonald's  quarry,  Xenia,  Greene  County. 

6.  New  Carlisle.  Clarke  County. 

7.  Piqua,  Greene  County. 

8.  9.  Osbom,  Greene  County. 

Analyses  1-5  by  T.  G.  Wormley,  Rept.  Geol.  Survey  Ohio,  1870,  pp.  449-450;  analyses  6-9by  N.  W.  Lord, 
Rept.  Geol.  Survey  Ohio,  vol.  6,  pp.  728-729. 
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CORNIFEROVS  LIMESTONES. 

The  Corniferous  limestones,  which  correspond  approximately  to  the 
Onondaga  or  upper  Helderberg  limestones  of  New  York,  contain 
heavy  beds  of  magnesian  limestones,  with  a  smaller  amount  of  lime- 
stones low  in  magnesia.  The  variation  in  this  respect  that  may  exist 
in  a  single  quarry  is  well  shown  by  the  following  series  of  analyses 
quoted  from  reports  of  the  Ohio  Geological  Survey: 

Variations  in  compotUion  of  limuUme  from  various  quarries. 


No. 

Rillca(SiOi). 

Alumina 
,  (A1,0,): 
Iron  oxide 

(Fe,Oa). 

Lime  car- 
bonate 
(CaCOt). 

Ma^eRlum 

carbonate 

(MgCO,). 

1 

3.20 
4.60 
2.92 
1.35 
1.57 
1.92 
2.20 
1.65 
.85 
1.49 
1.05 
1.65 
1.00 
2.65 
1.55 
2.70 

4.00 

1.25 

4.33 

6.01 

3.05 

1.85 

1.97 

2.65 

.27 

.15 

.20 

.14 

.37 

.44 

.18 

3.30 

88.30 
80.40 
84.70 
92.00 
85.55 
74.00 
66.15 
72.85 
97.28 
87.10 
89.16 
77.22 
89.20 
77.23 
78.60 

65.80 

1 

2.58 

2 

13.80 

3 

8.64 

4 

.56 

5 

10.39 

6 

* 

21.46 

7 

27.97 

8.... 

22.38 

9 

2.00 

10 : 

10.96 

11 

9.48 

12 

20.19 

13 

9.64 

14 

18.55 

15 

19.79 

16 

27.95 

Analysen  1-8  are  of  different  beds  in  a  quarry  at  Owen  station.  Marion  County. 

Analyses  9-12  are  of  different  bedR  in  the  Kclley  quarries,  on  Kellevs  Island. 

Analyses  18-16  are  of  beds  in  the  Hartshorn  quarnes,  on  the  Marblehead  peninsula  near  Sandusky. 
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The  analyses  below  have  been  selected  as  representing  the  low-mag'- 
nesia  beds  which  occur  in  this  formation: 

Analyses  of  Comiferous  hmeMxmes^  Ohio. 


No. 

Silica 
(810,). 

Alumina 
,  (Al-Oa): 
iron  oxide 

(FeaOa). 

0.80 

1.74 

.09 

.46 

3.80 

2.80 

1.20 

2.10 

4.00 

6.01 

.27 

Lime  car- 
bonate 
(CaCOa). 

1  Ma^rnesixmi 
carbonate 
(MurCO,). 

1 

3.20 

1               ... 
94.80  '             1.21 

2 

93.21  1            4.70 

3 

4.90 
4.95 
5.40 
16.06 
25.00 
1.41 
3.20 
1.35 

.85 

• 

89. 60              4. 41 

4 

90.  77               3.  26 

5 

88.40 

1.96 

6 

72.  82               5. 99 

7 

a5.80               8-02 

8 

93.28 
88.30 
92.00 
97.28 

2.69 

• 

9 

2.58 

10 : 

.56 

11 

2.00 

1.  Price  quarry,  Co1umbu»,  Franklin  County.  E.  Orton,  analyst.  Twentieth  Ann.  Rept.  U.  8.  Geol. 
Survey,  pt.  6  (continued),  p.  432. 

2.  Casparis  quarry,  Columbus.  Franklin  County.  Chemldt  of  Cleveland  Rolling  MIUr,  analyst. 
Twentieth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  6  (continued),  p.  432. 

3.4.  Lilley'a  quarry,  Columbus.  Franklin  County.  N.  W.  Lord,  analyst.  Geol.  Survey  Ohio,  vol.  6, 
f).  763. 

5,6,7.  state  quarry,  Columbus,  Franklin  County.  C.  C.  Howard,  analyst.  Geol.  Survey  Ohio, 
vol.  4.  p.  617. 

K  Stitt  quarry,  Columbus,  Franklin  County.    C.  L.  Meea,  analyst.    Geol.  Survey  Ohio.  vol.  4,  p.  936. 

9,10.    Owen  Station.  Marlon  County.    N.  W.  Lord,  analyst.    Geol.  Survey  Ohio,  vol.  6.  p.  769. 

11.  Kclley  quarries,  Kelleys  Island.    N.  W.  Lord,  analyst.    Geol.  Survey  Ohio,  vol.  6,  p.  753. 


MAXVILLE  (LOWER  CARBONIFEROUS)  LIMESTONES. 

The  coal  fields  of  Ohio  are  encircled  by  a  belt  of  Lower  Carbonifer 
oils  (Mississippian)  rocks.     Included  in  this  series  is  a  prominent  lime- 
stone formation — the  Maxville  limestone.     This  limestone  is  usually 
low  in  magnesia  and  fairly  high  in  lime.     It  will  usually  range  from 
80  to  90  per  cent  in  lime  carbonate,  as  shown  by  the  analyses  below. 

Analyses  of  Maxxille  {louver  Carboniferous)  Ihnestone,  Ohio. 


No. 

Silica  (SlOs). 

Alumina 

(AljOa);  iron 

oxide 

(FeaO,). 

Lime  carbo- 
nate 
(CaCOs). 

Magnesium 

carbonate 

(MgCOs). 

1 

3.02 
5.91 
9,01 
11.58 
4.28 

1.60 
2.99 
1.18 
2.68 
16.09 

93.08 
89. 31 
88.71  , 
82.88  1 
79. 18  ' 

1.59 

2 

1.52 

3 

.54 

4 

2.23 

5 

1.96 

1.  Glenford,  Perry  County. 

2.  Winona  Furnace,  Hocking  Countv. 
8,  4,  5.  Webb  Summit. 

The  analyses  are  taken  from  Rept.  Geol.  Survey  Ohio,  vol.  4,  p.  934. 
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COAL  MEASURES  LIMESTONES. 

Limestone  beds  occur  at  intervals  throughout  the  Coal  Measures  of 
Ohio,  as  in  the  adjoining  area  of  Pennsylvania.  Most  of  these  lime- 
stones are  of  only  local  importance,  and  require  no  description  here. 
One  limestone  formation,  however — the  Ferriferous  or  Vanport  lime- 
stone— now  furnishes  cement  material  to  four  Portland  cement  plants 
in  Ohio  and  to  one  just  across  the  border  in  Pennsylvania.  It  varies 
in  thickness  from  8  to  16  feet  or  more,  and  is  always  low  in  magnesia. 
It  is  usually  also  low  in  lime,  ranging  from  80  to  90  per  cent  in 
lime  carbonate.  The  following  analyses  are  representative  of  its 
composition: 

Analyses  of  the  *^ Ferriferous**  (Coal  Meastires)  limestone,  Ohio. 


No. 

• 

Alumina 
Silica           (Al«Os); 
(SiOs).     .    iron  oxide 

(FejOs). 

Lime 

carbonate 

(CaCQa). 

Mafnieflinm 
carbonate 
(MgCO,). 

1 

2 

3 

4 

0.60 
1.67 
.86 
1.72 
3.24 
2.90 

1.40 
1.36 
.  «  1.  66 
68.22 
2.26 
2.71 

97.32 
95.40 
96.18 
87.07 
93.24 
92.02 
94.20 
88.80 
88.00 
97.23 

0.45 
1.38 
n.  d. 
n.  d. 

5 

2.19 

6 

1.85 

t >-... .. - ..._ 

1.00 

1.00 

.76 

8 

1.00 

5.40 

.56 

6.80 

2.00 

cl.52 

1.20 

9 

1.51 

10 

•     .75 

a  Alumina.  0.63;  iron  oxide,  1.03.  ^Alumina,  1.63;  iron  oxide,  6.60. 

(?  Alumina.  1.23;  iron  oxide,  0.29. 

1.  Eifert,  Lawrence  County.    Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  6  (continued),  p.  482. 

2.  Ironton,  LAwrenee  County.    N.  W.  Lord,  analyst,  Geol.  Survey  Ohio,  vol.  5,  p.  1109. 


3,  4.  Ironton,  Lawrence  County.    C.  D.  Quick,  analyst. 

iJyst, 

■  '  ".p.  11 

7,  8,  9.  Star  Furnace.    T.  G.  Wormle»'.  analyst,  Rept.  Geol.  Survey  Ohio,  1870.  p.  450. 


5..  Lowellville,  Mahoning  County 

6.  Holmes  County.    N.  W.  Ix>rd,  analyst,  (Jeol.  Survey  Ohio,  vol  5, 


N.  W.  Lord,  analyst,  (Jeol.  Survey  Ohio,  vol.  6,  p.  1109. 
-  -  -       1109. 


10.  Texas  Hollow.    W.  8.  Trueblood,  analyst. 


Q  UA  TERN  A  R  }'  MARLS. 


Marl  deposits  occur  at  various  points  in  Oiiio,  but  apparently  are 
not  so  extensive  as  those  in  Indiana  and  Michigan.  At  present  four 
plants  are  using  marl  as  a  Portland  cement  material. 


PORTLAND-CEMENT  INDUSTRY. 


As  noted  above,  Ohio  at  present  ranks  seventh  as  a  producer  of 
Portland  cement.  In  1904  eight  Portland-cement  plants  were  in  oper- 
ation in  the  State.  Four  of  thevse,  located  in  eastern  and  southeastern 
Ohio,  employed  the  Ferriferous  limestone  with  shale  as  raw  materials; 

Bull.  243—05 18 
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the  other  four,  located  in  central  and  northwestern  Ohio,  used  a  mix- 
ture of  marl  and  clay.  The  limestone  plants  are  the  Diamond  Portland 
Cement  Company,  of  Middle  Branch,  Ohio;  the  Ironton  Portland 
Cement  Company,  of  Ironton,  Ohio;  the  Alma  Portland  Cement  Com- 
pany, of  Wellston,  Ohio,  and  the  Wellston  Portland  Cement  Company, 
of  Wellston,  Ohio.  All  of  these  plants,  with  the  possible  exception 
of  the  new  Alma,  mix  Carboniferous  shales  with  limestone. 

Analyses  of  limestojies  and  shales  used  in  Ohio. 

LIMESTONES. 


Silica(SiO,) 

Alumina  (Al,Ps) 

Iron  oxide  (Fe^O,)  . . . 

Lime(CaO) 

Magnesia  (MgO) 

Sulphur  trioxide  (SO,,) 
Carbon  dioxide  (CO,) 


SHALES. 


Silica  (SiO,) 60.00 

Alumina  ( Al,Oj) 23. 26 

Iron  oxide  (Fe,Os) 4.32 

Lime  (CaO) 90 

Magnesia  (MgO) 1.12 

Sulphur  trioxide  (SO,) n.  d. 

Carbon  dioxide  (('Oj) n.  d. 


55.00 
21.79 

9.26 

n.  d. 

n.d. 

n.  d. 

n.d. 


10 


11 


60.15 

19.78 

9.10 

.52 

.10 

tr. 

n.d. 


62.67 
19.99 
5.46 
1.26 
.72 
n.d.  I 
n.  (f. 


} 


63.30 

26.00 

1.25 
1.25 
n.d. 
n.  d. 


69.49 

16.42 

2.29 

.78 

n.d. 

6.43 


1,  6.  IrontOD  Portland  Cvmeiit  Company.    C.  D.  Quirk,  analyst. 

2, 11.  Alma  Portland  Cement  Company.    Twenty-first  Ann.  Rept.  U.  8.  Ueol.  Survey,  pt.  6  (con- 
tinued), p.  402. 

3,  10.  Wellston  Portland  Cement  Company.    W.  8.  Trueblood.  analyst. 

4,  6,  7,  8, 9.  Diamond  Portland  Cement  Company.    £.  Davidmn,  analyst. 

Thn  plants  using  marl  are  the  Sandusky  Portland  Cement  Com- 
pany, of  Bay  Bridge,  Ohio;  the  Castalia  Portland  Cement  Company, 
of  Castalia,  Ohio;  the  Buckeye  Portland  Cement  Company,  of  Rush- 
sylvania,  Ohio,  and  the  Alta  Portland  Cement  Company,  of  Rushsyl- 
vania,  Ohio. 

Of  these  plants  the  Buckeye  and  Alta  use  marl  from  wet  swamp 
deposits,  while  the  Castalia  uses  marl  from  a  deposit  which  is  now 
practically  dry.  The  Sandusky,  having  almost  exhausted  its  marl 
deposit,  is  now  using  limestone  as  part  of  its  charge  and  will  probably 
soon  use  it  entirely.  The  clays  used  at  all  these  marl  plants  are 
obtained  from  Quaternary  deposits  in  the  immediate  vicinity  of  the 
marl  beds. 
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Analyses  of  marls  and  clays  used  in  Ohio. 


Silica  (SiO,) 

Alumina  (Al,Os) 

Iron  oxide  (FcjOg)  - . . 

Lime(CaO) 

Magnesia  (MgO) 

Alkalies  {K,0,Na,0). 
Sulphur  trioxide  (8O9) 
Carbon  dioxide  (CO,) 


} 


Marli*. 


1.98 
.97 

50.95 
.55 
.12 
.10 

40.03 


0.2« 

.20 

52.86 
n.  d. 
n.  d. 
n.  d. 
n.  d. 


47.45 

19.85 

17.80 

.09 

4.34 

1.03 

"  .57 


Clays. 


59.10 

24. 01 

2.2 
2.0 

n.  d. 

n.  d. 

n.d. 


{ 


6 

51.56 
14.50 
3.84 
9.8 
n.d. 
n.d. 
tr. 
7.7 


1,  3.  Buckeye  Portland  Cement  Company.    Mineral  Industry,  vol.  1,  p.  52. 

2,  4,  5.  Castalia  Portland  Cement  Company. 


PORTIi AND-CEMENT  RESOURCES  OF  OKIiAHOMA. 

Limestones  occur  in  three  distinct  areas  in  Oklahoma,  and  are  of 
three  different  geologic  ages — Cretaceous,  Carboniferous,  and  Ordo- 
vician  ("Lower  Silurian").  Little  is  on  record  concerning  the  exact 
distribution  or  composition  of  any  of  these  limestones.  In  general, 
it  may  be  said  that  those  of  Cretaceous  age  occur  in  the  extreme  west- 
ern part  of  the  Territory;  that  they  are  shell  limestones  and  probably 
low  in  magnesia.  The  following  description  of  the  Carboniferous 
and  Ordovician  limestones  is  taken  from  a  paper  by  Mr.  C.  N.  Gould, 
published  in  Stone,  volume  23,  pages  351-354.  Though  containing  no 
analyses,  it  indicates  the  general  distribution  and  value  of  the  lime- 
stones in  question. 

There  are  in  Oklahoma  two  localities  from  which  limestone  for  building  purposes 
may  be  obtained  in  large  quantities.  The  first  of  these  is  in  the  northeastern  part 
of  the  Territory,  in  Kay,  Noble,  Payne,  and  Pawnee  counties,  and  in  the  Osage, 
Kaw,  Ponca,  and  Otoe  reservations.  The  second  looiility  is  in  the  newly-opened 
Kiowa  and  Comanche  Reservation,  in  the  eastern  part  of  Comanche  County.  It  is 
the  purpose  of  this  article  to  discuss  in  some  detail  the  rock  of  the  two  localities  and 
to  indicate  briefly  the  logical  market  of  the  stone  of  each  locality. 

The  limestone  in  the  northeastern  part  of  the  Territory  is  obtained  from  the  south- 
ern part  of  the  Flint  Hills.  The  Flint  Hills  extend  practically  north  and  south  for 
more  than  300  miles,  from  the  Platte  to  the  Cimarron.  They  are  hills  of  erosion 
carved  out  by  the  action  of  water  from  the  heavy  limestone  ledges  which  occur  in 
the  Upper  Carboniferous  and  Lower  Permian  of  the  region.  Much  of  the  Kansas 
building  stone  is  obtained  from  this  range  of  hills.  Quarries  at  Manhattan,  Junction 
City,  Cottonwood  Falls,  Florence,  Winfield,  and  Arkansas  City,  Kans.,  as  well  as 
those  near  the  mouth  of  the  Platte  in  eastern  Nebraska,  are  from  the  same  general 
horizon. 

The  Arkansas  River  on  its  w^ay  from  the  mountains  to  the  Mississippi  strikes  the 
Flint  Hills  near  the  Kansas-Oklahoma  line.  From  Pueblo  to  Arkansas  City  the 
river  flows  over  soft  yielding  rocks  that  have  been  hollowed  out  by  water  into  a 
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broad  shallow  valley.  At  Hutchinson  or  Wichita,  Kans.,  for  example,  there  are  no 
bluffs,  and  the  valley  is  from  10  to  20  miles  wide.  Near  Geuda  Springs,  Kans.,  the 
river  begins  to  narrow  rapidly.  The  first  ledge  of  limestone  is  crossed  at  the  dam 
5  miles  west  of  Arkansas  City.  Near  the  mouth  of  the  Walnut,  just  north  of  the 
Kansas-Oklahoma  line,  the  heavy  bluffs  of  limestone  appear,  and  from  this  point  to 
the  southeast  corner  of  the  Osage  Nation  the  river  flows  in  a  series  of  ox-bow  bendF, 
seeking  its  tortuous  way  in  and  out  among  the  Flint  Hills.  As  the  crow  flies  this 
distance  does  not  exceed  80  miles,  but  the  water  of  the  river  flows  at  least  twice  that 
distance.  In  one  place  two  bends  of  the  river  approach  within  a  mile  and  a  half  of 
each  other,  while  to  follow  the  channel  a  person  would  have  to  travel  more  than 
9  miles.  Throughout  the  greater  part  of  this  course  the  bluffs  are  high  and  precipi- 
tous. The  valley  is  perhaps  2  miles  wide  on  an  average,  nearly  half  of  this  being 
occupied  by  the  sandy  channel  of  the  stream.  In  places,  however,  the  distance 
from  bluff  to  bluff  is  not  more  than  a  mile. 

The  smaller  streams  tributary  to  the  Arkansas  in  this  region  have  usually  carved 
deep  channels  through  the  limestone  ledges.  These  ledges  follow  the  sinuous  course 
of  the  streams,  outcropping  along  the  bluffs  and  forming  in  many  places  conspicuous 
outlines.  It  is  from  these  ledges,  which,  as  stated  above,  form  the  southern  exten- 
sion of  the  Flint  Hills,  that  the  limestone  is  obtained.  Half  a  dozen  or  more  ledges 
outcrop  between  the  bed  of  the , river  and  the  top  of  the  hills  to  the  west.  In  the 
hills  in  the  Osage  and  Kaw  reservations  east  of  the  river  there  are  perhaps  as  many 
more,  each  from  5  to  25  feet  thick. 

The  stone  is,  in  general,  a  rather  fine-grained,  gray,  or  nearly  white,  massive  lime- 
stone. For  building  purposes  it  is  easily  the  equal  of  the  l)e8t  stone  from  the  Win- 
field  or  Cottonwood  Falls  quarries.  Indeed,  it  will  be  a  matter  of  surprise  if  time 
shall  not  demonstrate  that  the  Oklahoma  stone^will  outlast  most  of  that  obtained 
from  Kansas.  The  supply  is  inexhaustible.  Kay  County  alone  can  supply  Okla- 
homa with  building  material  for  hundreds  of  years  and  scarcely  know  where  it  came 
from. 

Business  blocks  in  Newkirk,  Ponc»  City,  and  Pawnee  are  built  of  stone  obtained 
from  the  local  quarries.  These  buildings  rival  in  appeamnce  the  finest  blocks  built 
from  Kansas  stone.  Throughout  the  region  dre«sed-stone  farmhouses  are  rapidly 
springing  up.  The  stone  house  built  by  Governor  William  M.  Jenkins  while  he 
was  yet  a  Kay  County  farmer  stands  on  his  claim,  2  miles  southeast  of  Newkirk. 
This  is  one  of  the  first  two-story  stone  houses  ever  built  in  **  the  Strip." 

Dimension  stone  of  all  shapes  and  sizes,  flagging,  and  rubble  are  obtained  from 
the  various  quarries.  Not  long  ago  a  block  of  12  feet  square  and  30  inches  thick 
was  shipped.  One  of  the  most  practical  purposes  to  which  the  stone  is  being  put, 
however,  is  the  manufacture  of  stone  posts.  The  rock  splits  readily  \nU}  almost  any 
required  size.  Advantage  is  taken  of  .this  fac^t  to  secure  a  long,  slender  t)lock  suitable 
for  a  fence  post.  Postw  from  ft  to  7  feet  long  are  split  down  to  6  by  8  inches,  and 
posts  16  feet  long  are  often  secured.  These  posts  sell  inthe  quarry  for  from  20  to  Ii5 
cents  each,  according  to  the  size,  and  are  rapidly  replacing  the  wooden  posts  for- 
merly used.  They  are  very  similar  to  the  limestone  posts  from  the  Benton  Cretaceous 
in  central  Kansas,  and  seem  destined  .to  serve  as  important  a  part  in  the  develop- 
ment of  the  country  as  do  the  latter. 

Standing  upon  almost  any  one  of  the  high  hills  east  of  Kildare,  or  New  "irk,  in 
Kay  County,  a  person  may  see  not  only  the  white  stone  houses  nestled  away  ir  the 
valleys  or  crowning  the  knolls,  but  also  the  lines  of  white  post«  stretching  for  miles 
across  the  country.  It  seems  but  a  question  of  a  few  years  till  the  greater  part  of  the 
farmhouses  of  the  county  will  be  built  of  stone,  and  stone  posts  will  replace  the  last 
of  the  wooden  posts  throughout  the  region. 

The  limestone  of  the  second  locality,  while  more  restricted  in  area  than  that  of  the 
Flint  Hills,  is  still  more  than  sufl^cient  to  supply  the  southwestern  part  of  Oklahoma 
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with  building  stone  for  generations.  Geologically  this  stone  is  mach  older  than  that 
I  have  just  discusseii.  In  general,  it  belongs  to  the  Onlovician,  or  even  the  upper 
Cambrian,  and  is  thus  (Massed  among  the  oldest  of  the  stratified  rocks.  In  this 
region  the  limestone  occurs  as  outlying  hills,  flanking  the  Wichita  Mountains  on  the 
northeast  and  southeast. 

The  Wichita  Mountains  are  nothing  but  the  tops  of  buried  mountain  ranges  stick- 
ing up  out  of  a  sea  of  plain.  They  are  composed  of  igneous  rocks,  chiefly  granite, 
gabbro,  and  porphyry.  These,  of  themsolveSi  are  of  course  excellent  building  stone. 
At  the  present  time  these  mountains  are  full  of  prospectors  and  miners.  For  seventy 
years  reports  of  gold  and  silver  have  been  coming  from  these  mountains.  Whether 
or  not  anything  more  tangible  than  reports  will  ever  be  obtained  remains  to  be 
proven. 

The  Ordovician  outliers  trend  northwest  and  southeast,  parallel  to  the  main  range. 
From  Fort  Sill  these  hills  extend  for  neariy  40  miles  to  the  northwest,  and  in  places 
are  15  miles  across.  Southwest  of  the  fort  the  hills  extend  for  12  miles  or  more.  The 
stone  is,  in  general,  rather  coarse  grained,  and  in  places  is  almost  marbleized.  It  is 
usually  much  faulted  and  folded,  often  standing  on  edge,  showing  that  the  region  has 
been  subjected  to  great  pressure. 

The  Government  buildings — barracks,  officers'  quarters,  and  stables — at  Fort  Sill 
have  been  constructed  of  limestone  taken  from  a  quarry  on  the  reservation  a  mile 
southeast  of  the  post.  It  makes  a  splendid  building  stone.  The  prevailing  colors 
as  seen  in  the  building  are  light  gray  and  brownish  or  yellowish  gray.  This  fort, 
perhaps  as  much  on  account  of  the  material  composing  the  buildings  as  upon  its  loca- 
tion, seems  destine<i  to  be  occupied  by  Government  troops  long  after  all  other  posts 
in  Oklahoma  and  the  Indian  Territory  have  been  abandoned.  Forts  Gibson,  Washita, 
Arbuckle,  and  Supply,  where  the  buildings  were  principally  of  wood,  have  all  been 
vacated  by  the  Government,  and  it  is  unlikely  that  Fort  Reno  will  long  remain  occu- 
pie<l.  Fort  Sill,  on  the  contrary,  will  probably  long  remain  a  monument,  in  part— at 
least — ^to  the  character  of  the  rock  composing  the  buildings. 

A  word  with  reganl  to  market  and  transportation  facilities.  The  Flint  Hills 
region  is  cut  by  the  Santa  Fe  Railroad,  and,  for  the  present  at  least,  the  products  of 
these  quarries  must  be  Bhipj)ed  over  this  road.  It  is  the  logical  source  of  supply  for 
such  cities  as  Guthrie  and  Oklahoma  City,  in  which  at  the  present  time  there  is 
much  building  being  done.  Unfortunately  for  the  Oklahoma  stone  industry,  how- 
ever, there  are  as  yet  no  spurs  to  any  of  the  quarries  in  this  locality.  It  thus  hap- 
pens that  the  stone  from  many  of  the  buildings  in  these  cities  is  obtained  from  south- 
ern Kansas,  at  a  considerably  higher  cost  than  natural  conditions  warrant.  Newkirk 
stone,  however,  is  already  on  the  market  and  the  demand  is  steadily  increasing. 

In  the  Wichita  region  the  Rock  Island  Railroad  runs  within  less  than  a  mile  of 
the  limestone  hills.  The  resources  of  the  region  are  as  yet  practically  undeveloped. 
In  time,  however,  this  stone  promises  to  become  one  of  the  important  factors  in  the 
development  of  this  wonderfully  rich  and  fertile  region. 

PORTIiAND-CEMENT  RESOURCES  OF  ORKGON.« 

Little  attention  has  been  paid  by  prospectors  to  an}^  of  the  nonmetal- 
liferous  mineral  resources  of  Oregon  except  coal.  In  consequence, 
the  data  presented  below  on  the  distribution  and  composition  of  Ore- 
gon limestones  are  too  scanty  to  be  satisfactory  for  the  purposes  of 

a  For  much  of  the  data  here  given  in  regard  to  Oregon  limestonen  the  writer  in  indebted  to  a  report 
by  Mr.  Herbert  Lang,  publinhed  in  The  Rcsoiircefl  of  the  State  of  Oregon,  a  handbook  imbued  in  1892 
by  the  State  board  of  agriculture.  Dr.  J.  8.  Diller  has  rIho  aided  him  greatly  by  contributing  data  on 
the  character  and  distribution  of  the  limestones  of  youthwestem  Oregon,  based  on  his  work  in  that 
region. 
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the  present  bulletin.  It  is  probable  that  workable  limestone  deposits, 
other  than  those  described  below,  exist  in  various  parts  of  the  State. 
So  far  as  known,  however,  the  more  important  limestone  deposits  of 
Oregon  occur  in  two  widely  separated  distiicts — in  the  southwestern 
and  the  northeastern  portions  of  the  State. 

MATERIALS  AND  CONDITIONS  IN  SOUTHWESTERN  OREGON. 

The  limestones  of  southwestern  Oregon  are  well  developed  at  a 
number  of  points  in  Jackson  and  Josephine  counties,  and  have  been 
used  to  a  considerable  extent  for  lime  burning  and  flux.  These  lime- 
stones are  generally  of  uncertain  age — some  are  Devonian,  others  most 
likely  Carboniferous,  and  a  few  certainly  Cretaceous.  They  occur  as 
a  series  of  lenses  of  greater  or  lesser  size  in  the  partially  altered  rocks 
of  the  district. 

-  Several  of  these  lenticular  bodies  of  limestone  outcrop  in  the  neigh- 
borhood of  Rock  Point,  on  Rogue  River,  in  Jackson  County,  and  have 
been  extensively  e^cploited  for  various  purposes.  A  small  quantity 
has  been  burned  locally  into  lime,  some  has  been  shipped  to  the  Port- 
land lead  smeltei's  as  flux,  while  a  larger  amount  has  been  shipped 
to  Portland  and  burned  there  into  lime.  Stone  for  building  purposes 
has  also  been  derived  from  this  series  of  limestone  beds. 

An  analysis  of  the  Rock  Point  limestone,  made  by  Mr.  J.  S.  Phillips, 
follows: 

Analygig  of  limesUme  from  Rock  Point,  Greg, 

Silica  (SiO,) 3.1 

Iron  oxide  (FejOj) , 2.2 

Lime  carbonate  (CaCOj) 89. 4 

Magne»iuin  carbonate  (MgCO,) 6. 3 

The  belt  of  limestone  lenses  extends  southwest  from  Rock  Point, 
with  several  prominent  cutcrops  on  the  tributaries  of  Applegate, 
especially  on  Steamboat,  and  on  Williams  Creek,  where  the  massive 
limestone  has  celebrated  caverns.  Similar  bodies  occur  on  Sucker 
Creek,  southeast  of  Waldo,  near  the  California  line.  Their  distribution 
is  extremel}"  irregular,  owing  to  the  predominance  of  igneous  rocks. 
Very  large  deposits  are  said  to  occur  near  the  California  line,  on  Wil- 
liams Creek,  in  the  extreme  southeastern  corner  of  Josephine  County. 

MATERIALS  IN   NORTHEASTERN   OREGON. 

Of  the  limestone  deposits  of  northeastern  Oregon  the  largest  and 
most  accessible  seems  to  be  on  Burnt  River,  about  3  miles  above  Hutch- 
inson, Baker  County.  The  limestone  beds  at  this  point  are  associated 
with  shales,  and  the  entire  series  is  upturned  to  give  a  steep  dip.  The 
river  has  cut  through  the  beds,  exposing  a  thickness  of  about  100  feet 
of  limestone.     This  stone  is  remarkably  pure,  carrying  usually  lesb 
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than  1  per  cent  of  silica,  alumina,  and  iron  oxide.  Its  quality,  quan- 
tity, and  proximity  to  the  railroad  and  to  a  series  of  shale  beds  make 
it  worth  considering  as  a  possible  source  of  Portland-cement  material. 

The  same  series  of  beds  outcrop  in  the  hills  to  the  southwest  and 
northeast  and  continue  into  Idaho,  where  they  form  important  deposits. 
Large  limekilns  are  now  in  operation  at  several  points  on  this  line  of 
outcrop. 

Limestone  deposits  of  considerable  size  occur  in  other  parts  of 
Baker  Count}",  the  most  important  at  present  being  one  which  is 
extensively  worked  for  lime  about  14  miles  from  Baker  City.  Other 
deposits  occur  in  Grant  County,  and  very^  thick  and  extensive  beds  of 
blue  limestone  are  said  to  cover  much  of  Union  County.  In  Wallowa 
County  deposits  of  marbles  occur,  which  may  be  of  service  for  cement. 

PORTIJUS^D-CEMENT  RESOURCES  OF  PENNSYLiVANIA. 

PORTLAND-CEMENT   MATERIALS. 

A  number  of  limestones  suitable  for  use  as  Portland-cement  mate- 
rials  occur  in  Pennsylvania,  though  only  one  of  them  has  as  3^et  been 
extensively  used  for  this  purpose.  For  description  these  limestones 
may  be  conveniently  grouped  as  follows: 

(1)  Trenton  limestone  (Ordovician). 

(2)  Helderberg  or  Lewistown  limeptone  (Silurian). 

(3)  Carboniferous  limeetonee. 

TRENTON  LIMESTONE. 

f 

DISTRIBUTION. 

The  Trenton  limestone,  which  furnishes  the  well-known  "  cement 
rock"  of  the  Lehigh  district,  occurs  in  varying  development  in  the 
counties  of  Northampton,  Lehigh,  Berks,  Lebanon,  Dauphin,  Cum- 
berland, Franklin,  Lancaster,  Center,  and  Blair,  and  to  a  much  less 
extent  in  several  other  counties  of  southeastern  Pennsylvania. 

Throughout  its  range  it  is  underlain  by  a  highly  magnesian  (Kitta- 
tinny)  limestone  and  overlain  by  a  thick  series  of  (Martinsburg  and 
Hudson)  shales  and  slates.  Further  details  concerning  its  geologic 
occurrence  in  its  most  typical  area  will  be  found  in  the  section  on 
cement  manufacture  in  the  Lehigh  district,  on  page  284.  The  distri- 
bution of  the  Trenton  limestone  in  Pennsylvania  is  shown  in  a  general 
way  on  PI.  XIIL 

COMPOSITION. 

The  Trenton  limestone,  wherever  it  occurs,  is  almost  invariably  low 
in  magnasia,  and  is  therefore  almost  always  an  excellent  Portland- 
cement  material.     At  times  its  value  as  a  cement  material  is  increased 
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by  the  presence  of  a  high  percentage  of  clayey  matter,  as  is  well 
shown  in  the  "  cement  rock"  of  the  Lehigh  district. 

The  following  table  of  analyses  shows  the  composition  of  samples 
of  Trenton  limestone  from  various  localities  in  Pennsylvania.  No 
analyses  from  localities  in  the  Lehigh  district  are  given  in  this  table, 
as  this  district  is  discussed  in  considerable  detail  below  (p.  284). 

Analyges  of  TVenUm  limeiftones,  Penngylvania.^ 


1 

2 

3 

4 .....: 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


SlUca  (SiOs). 

Alumina 

iron  oxide 
(Fe,0.). 

0.26 

Lime  car- 
bonate 
(CaCOa). 

Magnesium 

carbonate 

(MgCO,). 

0.91 

94.98 

3.87 

4.38 

.64 

91.89 

2.88 

5.88 

1.68 

90.39 

2.25 

3.62 

.19 

92.12 

4.23 

.54 

.20 

97.89 

1.29 

.39 

.32 

98.32 

1.17 

.82 

.38 

97. 53 

1.21 

.76 

.43 

97.65 

1.13 

4.30 

.36 

86.13 

8.86 

2.51 

.60 

90.63 

6.17 

2.55 

n.  d. 

92.00 

4.54 

8.41 

.57 

86.36 

5.24 

8.84 

.81 

89.18 

.96 

.98 

.26 

97. 32 

1.29 

2.66 

.26 

95.07 

• 

1.04 

a  From  Reports  Ml,  M2,  M3,  Second  Geol.  Survey  Pennsylvania    A.  S.  McCreath,  analyst. 

1.  Mount  Etna  Furnace,  Blair  County. 

2.  Rodman  Furnace,  Blair  County. 

3.  4.  Tyrone,  Blair  County. 

6, 6,  7.  Shortlidge  quarry,  Bellefonte,  Center  County. 
8.  Campbell  quarry,  near  Bellefonte.  Center  County. 
9. 10.  Rutherford  quarry,  near  Harrisburg,  Dauphin  County. 

11.  Cum  bier  quarry,  near  Harrisbuig,  Dauphin  County. 

12.  Craighead  quarry,  Mount  Holly,  Cumberland  County. 

13.  Mont  Alto,  Franklin  County. 

14.  Williamson,  Franklin  County. 

15.  Rauchs  Gap,  Clinton  County. 

HELDERBERG  OR  LEWISTQWN  LIMESTONE. 

DISTRIBUTION. 

The  Helderberg  limestone  outcrops  in  central  and  eastern  Pennsyl- 
vania in  a  series  of  narrow  bands  whose  distribution  is  too  complicated 
to  be  readily  described,  but  is  shown  on  PL  XIll. 
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COMPOSITION. 

AncUyges  of  ffdderberg  limestone^  Pennsylvania,^ 


No. 

Silica 
(SiO,). 

• 

Alumina 

(AlaOs): 

Iron  oxide 

(Fe^O.). 

Lime  car- 
bonate 
(CaCOt). 

MflipieBium 
carbonate 
(MgCO,). 

Sulphur 
(8). 

1 

2.50 

3.00 

3.02 

1.80 

1.62 

10.85 

1.69 

5.70 

2.33 

5.04 

5.30 

49.03 

21.68 

15.72 

6.53 

2.85 

7.86 

11.93 

4.25 

3.92 

7.65 

3.02 

4.26 

20.24 

3.61 

5.94 

0.84 

.64 

.57 

.80 

.65 

.58 

.44 

1.77 

.70 

1.14 

1.78 

1.67 

4.66 

2.55 

1.21 

.70 

2.11 

1.:^ 

.84 

.68 

.71 

.54 

1.10 

2.97 

1.11 

1.26 

95.66 
95.09 
95.57 
95.25 
96.16 
84.78 
96.14 
90.90 
94.03 
91.12 
89.29 
47.30 
70.59 
71.73 
89.64 
94.28 
87.93 
82.73 
93.  27 
93.87 
88.82 
94.28 
92.20 
73.43 
90.18 
89.39 

1.55 
1.58 
1.52 
2.27 
1.59 
3.86 
1.60 
2.16 
1.97 
1.57 
2.56 
2.01 
1.74 
7.62 
1.82 
1.53 
1.94 
2.83 
1.38 
1.31 
2.34 
2:12 
2.17 
2.65 
4.31 
3.25 

0.10 

2 

.03 

3 

.03 

4 

.05 

5 

.07 

6 

7 

.05 
.05 

8 

.08 

9 

.06 

10 

.03 

11 

.06 

12 

.15 

13 

.03 

14 

n.  d. 

15 

n.  d. 

16 

.06 

17 

.23 

18 

.70 

19 

.11 

20 

.15 

21 

.21 

22 

.21 

23 

.15 

24 

n.  d. 

25 

.25 

26 

.27 

» 

a  From  Reports  Ml,  M2,  M3,  Second  Geol.  Survey  Pennsylvania.    A.  B.  McCreath.  analyst. 

1,  2,  3.  Baker  quarry,  Altoona,  Blair  County. 
4.  Creswell  quarry,  HolUdaysbuiK.  Blair  County. 


5.  Manning  quarry,  Hollldaysburg.  Blair  County. 

6.  Loop  quarry,  Uollidavfiburg.  Blair  County. 

7.  Sarah  furnace.  Blair  County. 


8,  9, 10.  Hudson  quarry,  Three  Springs,  Huntingdon  County. 
"  y  Quarry,  Saltillo,  Huntingdon  Co 
Shore,  Lycoming  County. 


mnty. 


11, 12.  McCarthy  quarry,  Saltillo,  Huntingdon 
13.  Jer»e5 

Montebello  Narrowa,  Perry  County. 


13.  Jersey  snore,  Liycommg  uouniy. 

14,  15.  Still  quariry,  2  miles  northeast 
16-17.  Bomardville,  Hamilton  Towns 


Township.  Monroe  County. 
.  1&-21.  Van  Auken  quarry.  Middle  Smitnfleld  Township.  Monroe  County. 
22-23.  Brown  quarry.  Sraithtield  Township,  Monroe  County. 
24.  Experiment  Mills  quarry,  near  Delaware  Water  Gap,  Monroe  County. 
25-26.  Poxono  Island,  Monroe  County. 

A  depo8it  of  limestone  near  Kings  Rock,  on  Susquehanna  River 
in   Lycoming  County,  belonging  to  this  series,  is  described  by  Mr. 
Uriah  Cuminings  in  the  Seventeenth  Annual  Report  of  the  United 
States  Geological   Survey,  part  8,  pages  889-890.     He  states  that 
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a  natural  cement  of  the  following  composition  had  been  made  from 

this  rock: 

Analysis  of  natural  cement f  Kings  Rock^  Pa. 

Silica  (SiO,) 28.14 

Alumina  (A1,0,) 9.10 

Iron  oxide  (FeO) 3.20 

Lime  (CaO) 53.34 

Magnesia  (MgO) LOO 

Alkalies  (KjO,  Na,0) 2.80 

Water  and  loss 2.40 

Such  an  analysis  of  a  natural  cement  would  imply  that  the  rock  from 
which  it  was  made  was  closely  similar  in  composition  to  the  cement 
rock  of  the  Liehigh  district,  and  that  the  addition  of  10  per  cent  or  so 
of  pure  limestone  would  give  a  good  Portland  cement. 

CARBONIFEROUS  LIMESTONES. 
DISTRIBUTION. 

Names  and  straligraphic  position  of  Carboniferous  limestones,  Pennsylvania. 


Geologic  group. 


Dunkard  formation  or 
Upper  Barren  meas- 
ures. 

Monongahela  forma- 
tion or  Upper  Pro- 
ductive Measures. 


Conemaugh  formation 
or  Ijovrer  Barren 
measures. 


Allegheny  formation 
or  Lower  Productive 
measures. 


Pottsville  formation . 


Mauch  Chunk  forma- 
tion. 

Pocono  formation 


Name  of  limestone. 


Upper     Washington 
limestone. 


Waynesbui^  limestone . 

Ben  wood  or  Great  lime- 
stone. 

Sewickley    or    Fishpot 
limestone. 

Redstone  limestone 

Pittsburg  limestone 

Elk  Lick  limestone 

Ames  or  Crinoidal  lime- 
stone. 

Upper    Freeport   lime- 
stone. 

Ijower   Freeport    lime- 
stone. 

Johnstown  limestone. . . 


Vanport  or  Ferriferous 
limestone. 

Upper  Mercer  limestone . 

Lower  M  ercer  limestone . 

Greenbrier  or  Mountain 
limestone. 

Siliceous  limestone 

Benezette  limestone 


Thick- 
uem. 


Feet. 
30 


36 

73 

30 

10 

12 

6 

8 

28 

5 

10 

20 

4 

3 

30 

60 

7 


Straligraphic  ponition. 


At  top  of  Washington 
formation,  250  to  425 
feet  above  the  Waynes- 
burg  coal. 

20  feet  below  the  Waynes- 
burg  coal. 

120  feet  above  the  Pitts- 
burg coal. 

100  feet  or  more  above  the 
Pittsburg  coal. 

60  to  100  feet  above  the 
Pittsburg  coal. 

20  feet  below  the  Pittsburg 
coal. 

Between  Pittsburg  and  Up- 
per Freeport  coal. 

Do. 

Below  Upper  Freeport  coal. 

Below  the  Lower  FreejKjrt 
coal. 

Below  the  Upper  Kittan- 
ning  coal. 

Below  the  Lower  Kittaii- 
ning  coal. 
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COMPOfilTION. 

Anedysea  of  Ferriferous  or  Vanport  limestone^ 


Penneylvania.^ 


No. 

Silica 
(SiO,).      , 

1 

1 

Alumina 

(A1.0,): 

Iron  oxide 

(Fe,0,). 

1 

Lime 

carbonate 

(CaCOa). 

Magnefilum 

carbonate 

(MgCOs). 

1 

2.03 
.79 
2.30 
2.11 
2.10 
3.42 
3.22 
2.19 
1.96 
1.78 
1.11 
1.91 
2.04 
1.30 
1.28 
2.39 
7.37 
3.37 
1.63 
2.20 
1          2.79 
1.97 
3.07 
2.08 
2.09 
.37 
2.77 
7.03 
4.78 
4.80 

1.29 
1.46 
1.38 
.93 
2.09 
1.67 
1.71 
1.31 
1.05 
1.53 
.87 
1.31 
1.31 
.99 
.78 
2.20 
2.61 
1.71 
1.64 
1.63 
.80 
.63 
1.56 
1.19 
2.03 
1.00 
1.82 
2.32 
1.29 
1.59 

95.53 
96.01 
94.72 
95.57 
94.18 
93.25 
93.29 
95.23 
95.53 
95.20 
96.43 
94.39 
93.64 
96.43 
96.58 
86.91 
86.21 
91.78 
94.36 
94.11 
94.21 
95.77 
93.34 
94.78 
92.86 
96.78 
93.48 
88.46 
91.61 
91.09 

0.91 

2 

1.50 

3 

1.04 

4 

1.42 

5 

1.48 

6 

1.74 

7 

.97 

8 

.41 

9 

.93 

10 

1.27 

11 

1.20 

12 

1.70 

13 

1.82 

14 

.91 

15 

.83 

16 

6.66 

17 

•     1.78 

18 

1.81 

19 

1.63 

20 

21 

22 

23 , 

1.37 
1.73 
1.10 
1.46 

•   ^  — 

24 

1.37 

25 

1.59 

26 

1.28 

27 

1.54 

28 

1.44 

29 

1.57 

30 

1.59 

a  From  Reports  M,  M2,  M3,  Second  Geol.  Survey  Pennsylvania.    A.  S.  McCreath,  analyst. 

1,2.  Stewardson  Furnace,  Madison  Township,  Armstrone  County. 

3.  Ck>lwell  quarry,  near  Mahoning  Furnace.  Armstrong  County. 

4.  Reynolds  quarry,  near  Kittanning,  Armstrong  County. 

5.  George  quarry,  near  South  Bend,  Armstrong  County. 

6.  Rhea  quarry,  near  Greendale.  Armstrong  County. 

7.  Graff  quarry,  near  Buffalo  mills,  Armstrong  County. 

8.  Jjons  Run,  Porter  Township,  Clarion  County. 

9.  Hindman  quarry.  Clarion  Township.  Clarion  County. 

10.  Sligo  Funiace,  Piney  Township,  Clarion  County. 

11.  Barger  quarry.  Perry  Township.  Clarion  County. 

12.  Bovalrd  quarry,  near  Brockway villc,  Jefferson  County. 

13.  Hanna  quarry,  near  Rprankle's  Mills,  Jefferson  County. 

14.  Enty  quarry,  near  Worth viUe,  Jeffenion  County. 

15.  Shields  quarry,  near  Dowlingville.  Jefferson  County. 

16.  Winslow  pro^rty,  near  Benezette,  Elk  County. 

17.  Toby  Creek,  Fox  Township,  Elk  County. 

18.  Brandy  Camp  post-ofiloe.  Horton  Township.  Elk  County. 
19,20.  Kane  quarry,  near  Wilcox,  Jones  Township,  Elk  County. 

21.  Shinnquarry,  Wampum,  Lawrence  County. 

22.  McCord  quarry,  Mount  Jackson,  Lawronce  County. 
28.  Johnson  quarry,  Newcastle,  Lawrence  County. 

24.  Mofflt  quarry,  Croton,  Lawrence  County. 

25.  Simpson  quarry,  Richmond,  Indiana  County. 

26.  Hne  Creek  Furnace  quarry,  Kittanning,  Armstrong  County. 

27.  Severn  quarry,  near  Vanport,  Beaver  County. 
28, 29.  Powers  quarry,  near  vanport,  Beaver  (k)unty. 
30.  Tygart's  quarry,  near  Vanport,  Beaver  County. 
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PORTLAND-CEMENT    INDUSTRY   IN    PENNSYLVANIA. 

The  State  of  Pennsylvania  now  produces  about  half  of  the  total 
United  States  output  of  Portland  cement.  This  enormous  production, 
amounting  to  about  10,000,000  barrels  annually,  comes  almost  entirely 
from  plants  located  in  the  so-called  Lehigh  district,  in  Berks,  Lehigh, 
and  Northampton  counties.  Seventeen  plants  are  located  in  the  Penn- 
sylvania portion  of  this  important  district,  while  the  two  remaining 
Portland-cement  plants  in  Pennsylvania  are  located  in  the  extreme 
western  part  of  the  State. 

The  following  list  of  Portland-cement  plants  operating  in  Pennsyl- 
vania in  1904  has  been  corrected  by  Mr.  R.  W.  Lesley,  president  of  the 
American  Cement  Company,  to  whom  the  writer's  acknowledgments 
are  due  for  this  and  other  courtesies. 

Name  and  location  of  Portland-cement  plants  in  Pennsylvania^  1904' 

American  Cement  Company  of  Pennsylvania Egypt. 

Atlas  Portland  C/ement  Company Northampton  and  Coplay. 

Bath  Portland  Cement  Company Bath. 

Bonneville  Portland  Cement  Company. Siegfried. 

Central  Cement  Company « Egypt. 

Clinton  Cement  Company Pittsbui^g. 

Coplay  Cement  Manufacturing  Company Coplay. 

Crescent  Portland  Cement  Company Wampum. 

Dexter  Portland  Cement  Company Nazareth. 

Lawrence  Cement  Company  of  Pennsylvania Siegfried. 

Lehigh  Portland  Cement  Company Ormrod,  West  Coplay. 

Martins  Creek  Portland  Cement  Company  ^ Martins  Creek. 

Nazareth  Cement  Company Nazareth. 

Northampton  Portland  Cement  Company Stockertown. 

Penn- Allen  Portland  Cement  Company Penn-AUen. 

Pennsylvania  Cement  Company Bath. 

Phoenix  Cement  Company Nazareth. 

Reading  Cement  Company Molltown. 

Whitehall  Portland  Cement  Company Cementon. 

In  describing  the  Portland-cement  industry  of  the  State,  the  Lehigh 
district  will  first  be  discussed  in  considerable  detail,  after  which  the 
isolated  plants  in  westei'n  Pennsylvania  will  be  briefly  described 
(p.  294). 

LBHIOH  DIBTSICT. 

The  following  description  of  the  cement-rock  deposits  and  cement 
industry  in  the  Lehip*'  '  >ict  is  based  largely  upon  field  work  by  the 
writer  during  the  eany  summer  of  1903.  Acknowledgments  are  due 
tr  th  iiianagers  and  chemists  of  various  cement  plants  in  the  Lehigh 
district,  who  have  aided  the  writer  greatly  in  this  work.     Use  has  also 

u Owned  l>y  same  interest  as  American  Cement  Company  of  Pennsylvania. 

<> Owned  by  same  interest  as  Alpha  Portland  Cement  Company.    (See  New  Jersey,  p.  243.) 
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been  made  of  the  report  by  Professor  Kfimmel,  on  the  Portland-cement 
industry  in  New  Jersey,"  and  of  an  unpublished  report  by  Prof.  T.  N. 
Dale,  on  the  geology  of  the  Slatington  quadrangle. 

GEOLOGY. 

The  "Lehigh  district"  of  the  engineer  and  cement  manufacturer 
has  been  so  greatly  extended  in  recent  years  that  the  name  is  now 
hardly  applicable.  Originally  it  included  merely  one  small  area  about 
4  miles  square,  located  along  Lehigh  River,  partly  in  Lehigh  County 
and  partly  in  Northampton  County,  containing  the  villages  of  Egypt, 
Coplay,  Northampton,  Whitehall,  and  Siegfried.  The  cement  plants 
which  were  located  here  at  an  early  date  secured  control  of  most 
of  the  cement-rock  deposits  in  the  vicinity,  and  plants  of  later  estab- 
lishment have  therefore  been  forced  to  locate  farther  and  farther  away 
from  the  original  center  of  the  district.  At  present  the  district  includes 
parts  of  Berks,  Lehigh,  and  Northampton  counties.  Pa.,  and  Warren 
County,  N.  J.,  reaching  from  near  Reading,  Pa.,  at  the  southwest,  to 
a  point  a  few  miles  north  of  Stewartsville,  N.  J.,  at  the  northeast.  It 
forms,  therefore,  an  oblong  area  about  25  miles  long  from  southwest 
to  northeast  and  about  4  miles  wide.  Within  this  area  twenty  Port- 
land-cement plants  are  now  in  operation,  and  the  Portland  cement 
produced  in  this  relatively  small  district  amounts  to  almost  two-thirds 
of  the  entire  United  States  output. 

Within  the  ''Lehigh  district,"  as  above  defined,  three  geologic 
formations  occur,  all  of  which  must  be  considered  in  attempting  to 
account  for  the  distribution  of  the  cement  materials  used  there.  These 
formations,  named  in  descending  order,  are  (1)  Hudson  shales,  slates, 
and  sandstones;  (2)  Trenton  limestone  (Lehigh  cement  rock);  (3)  Kit- 
tatinny  limestone  (magnesian).  As  all  these  rocks  dip,  in  general, 
northwestward,  the  Hudson  shales  occupy  the  northwestern  portion 
of  the  district,  while  the  Trenton  cement  rock  and  magnesian  Kit- 
tatinny  limestone  outcrop  in  succession  farther  southeast. 

MAGNESIAN  KITTATINNY  LIMESTONE. 

Underneath  the  cement-rock  series  lies  a  very  thick  formation  con- 
sisting of  light-gray  to  light-blue  massive-bedded  limestone,  with 
frequent  l)eds  of  chert.  These  Kittatinny  limestones  are  predomi- 
nantly highly  magnesian,  though  occasionally  l)eds  of  pure  nonmag- 
nesian  limestone  will  be  found  in  the  series.  The  magnesian  beds  are, 
of  course,  valueless  for  Portland-cement  manufacture,  but  the  pure 
limestone  beds  furnish  part  of  the  limestone  used  in  the  Lehigh 
district  for  addition  to  the  cement  rock.  An  excellent  example  of 
this  is  furnished  by  the  quarr}'^  near  the  east  bank  of  Lehigh  River, 

<■  Ann.  Rept.  New  Jersey  SUte  Geologist,  1900,  pp.  9-101. 
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just  above  Catasauqua.  In  this  quarry  most  of  the  beds  are  highly 
magnesian,  and  are  therefore  useful  only  for  road  metal  and  flux;  but 
a  few  pure  limestone  beds  occur,  and  the  material  from  these  low- 
magnesia  beds  is  shipped  to  a  neighboring  cement  mill. 

Numerous  analyses  of  the  highly  magnesian  limestones  are  available, 
from  v/hich  a  few  typical  results  have  been  selected  for  insertion  here. 
Analyses  of  the  purer  limestone,  used  to  add  to  the  cement  rock,  will 
be  found  in  table  on  page  289. 

Analyses  of  magnesian  Kittatinny  limestone. 


1 

9.9 

2 

3 

4 

6 

6 

7 

8 

9 

10 

Silica (SiO^)  .... 

9.9 

8.8 

5.5 

9.8 

4.9 

2.0 

8.0 

4.1 

16.9 

Alumina  (Al,Os) 

1 

■ 

Iron     oxide 

(Fe,0,)  

!'•' 

1.7 

.8 

1.3 

3.7 

6.5 

8.4 

5.3 

1.6 

1.0 

Lime  (CaO)  .... 

27.6 

28.5 

29.4 

28.2 

26.4 

27.3 

32.4 

26.3  1  30.3 

28.3 

Magiie6ia(  MgO ) . 

17.9 

17.3 

17.8 

20.2 

15.1 

14.6 

15.5 

17.4 

18.3 

15.3 

Carbon  dioxide 
(CO.) 

41.9 

41.5 

42.8 

44.3 

45.0 

44.8 

42.5 

41.1 

44.1 

38.9 

1.  ChaudlcRi  Inland.  Suj«ex  County,  X.  J. 

2.  S(>arta,  Siifwex  County,  N.  J. 

3.  A«biiry,  Warren  County,  N.J. 

4.  Oxford  Furnace,  SuRsex  County,  N.  J. 

6,  6.  Clinton.  Hunterdon  County,  N.  J. 

7,  Pottersville.  Somerset  County,  N,  J. 

8,  9.  Peapack.  N.  J. 
10.  Annandale.  N.  J. 

While  all  of  the  above  analyses  are  from  New  Jei'sej  localities  the 
magnesian  limestone  of  the  rest  of  the  Lehigh  district  would  give 
closely  similar  results. 

TRENTON  LIMESTONE. 

The  Lehigh  cement  rocks,  which  are  approximately  equivalent  in 
age  to  the  lowest  Trenton  beds  of  New  York,  are  made  up  of  a  series 
of  more  or  less  argillaceous  limestones.  The  formation  appears  to 
vary  in  thickness  from  150  feet  in  New  Jersey  to  250  feet  or  even 
more  at  Nazareth  and  on  Lehigh  River.  Its  upper  beds,  near  the 
contact  with  the  overlying  Hudson  shales,  are  very  shaly  or  slaty 
black  limestones,  carrying  approximately  60  to  60  per  cent  of  lime 
carbonate  and  40  to  50  per  cent  of  silica,  alumina,  iron,  etc.  Lower 
in  the  formation  the  percentage  of  lime  steadily  increases,  while  that 
of  clayey  material  decreases  correspondingly,  until  near  the  base  of 
the  formation  the  rock  may  carry  from  85  to  95  per  cent  of  lime  car- 
bonate with  only  5  to  15  per  cent  of  impurities.  This  change  in  chem- 
ical composition  is  accompanied  by  a  change  in  the  appearance  and 
physical  character  of  the  rock,  which  gradually  loses  its  slat}'^  fracture 
and  blackish  color  as  the  percentage  of  lime  increases,  tmtil  near  the 
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bane  of  the  formation  it  is  often  a  fairly  massively  bedded  dark-gray 
limestone.  Even  so,  it  can  usually  be  readily  distinguished  from  the 
nmgnesian  Kittatinny  limestone,  described  below,  for  the  cement  rock 
is  always  darker  than  the  magnesian  limestone  and  contains  none  of 
the  chert  beds  which  are  so  common  in  the  magnesian  rock. 

The  Lehigh  cement  rock  is  never  nearly  so  high  in  magnesia  as  is 
the  underlying  Kittatinny  limestone.  It  does,  however,  carry  consid- 
erable magnesia  (as  compared  with  other  Portland-cement  materials) 
throughout  its  entire  thickness,  and  few  analyses  will  show  less  than 
4  to  6  per  cent  of  magnesium  carbonate.  The  following  series  of 
analyses  is  fairly  representative  of  the  lower,  middle,  and  upper  beds 
of  the  formation.  The  specimens  from  the  upper  beds,  near  the  Hud- 
son shales,  show  considerably  less  lime  and  more  clayey  matter  than 
those  from  the  lower  parts  of  the  formation. 

Analyses  of  TrenUm  limestone  (Lehigh  cement  rock).^ 


1 
1 

2 

S 

4 

11.90 

5 

6 

7 

1 

9 

10 

Silica  (SiO,).... 

1.86 

5.03 

8.38 

11.71 

11.11 

17.04 

22.71 

19.53 

24.45 

Alumina  ( Al,Os) 

.60 

2.06 

4.03 

4.42 

4.36 

4.40 

6.90* 

5.84 

6. 03     5. 68 

Iron  oxide  (Fe, 
0,)  

.51 

1.23 

1.32 

1.70 

1.62 

1.91 

2.13 

2.13 

1.70 

1.57 

Lime  (CaO) 

53.64 

49.73 

45.45 

44.18 

43.47 

42.51 

37. 53 

36.50 

35.71 

35.00 

Magnesia  (MgO) 

.81 

1.02 

1.34 

1.18 

1.82 

2.89 

2.17 

1.69 

3.33 

2.21 

Carbon  dioxide 
(CO,) 

43. 03 

40.19 

37. 18 

36.01 

36.15 

36.57 

32.88 

30. 52 

32.  73 

29.  89 

a  Ann.  Rept.  New  Jersey  State  Geologist,  1900,  p.  95. 

The  specimens  whose  analyses  are  given  above  were  mostly  from 
the  vicinity  of  Belvidere,  N.  J.,  and,  though  representative  in  other 
respects,  seem  to  have  been  rather  lower  in  magnesia  than  the  usual 
run  of  the  Trenton  limestone  in  the  Lehigh  district. 

HUDSON  SHALES. 

This  series  includes  very  thick  beds  of  dark-gray  to  black  shales, 
with  occasional  thin  beds  of  sandstone.  In  certain  localities,  as  near 
Slatington  and  Bangor,  Pa.,  and  Newton,  N.  J.,  these  shales  have 
been  so  altered  by  pressure  as  to  become  slates,  the  quarrying  of 
which  now  supports  a  large  roofing-slate  industry. 

The  geographic  distribution  of  the  Hudson  shales  and  slates  in  the 
Lehigh  district  can  be  indicated  only  approximately  without  the  pre- 
sentation of  a  geologic  map  of  the  area.  It  may  be  said  that  they 
cover  practically  all  of  Northampton,  Lehigh,  and  Berks  counties 
north  of  a  line  passing  through  Martins  Creek,  Nazareth,  Bath, 
Whitehall,  Ironton,  Guthsville,  Monterey,  Kutztown,  Molltown,  and 
Leesport. 
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The  composition  of  the  typical  shales  and  slates  of  the  upper  part 
of  the  Hudson  formation  is  well  shown  by  the  following  analyses: 

Analyses  of  Hudson  shales  and  slates  in  Pennsylmnia  and  Neiv  Jersey. 


SiUca(SiO,) 

Alumina  {A\^{\) 

Iron  oxide  (FejOg)  . . 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies 

Carbon  dioxide  (CO,) 
Water  (H,0) 


68.62 
12.68 
4.20 
1.31 
1.79 
3.73 
3.00 
4.47 


2 


3 


68.00 
14.40 
5.40 
2.68 
1.51 
.11 
2.30 
2.70 


56.60 
21.00 
5.a5 
3.42 
2.30 
.50 
2.20 
3.00 


1 


«76.22 

13.05 

2.67 
.93 
n.  d. 
n.  d. 
n.  d. 


a  Insoluble. 

1.  East  Bangor,  Pa.    Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  6,  p.  436. 

2.  1  mile  northwest  Coleman ville,  N.  J.    Geology  New  Jersey,  lAftB,  p.  136. 

3.  DeUware  Water  Gap,  N.  J.    Geology  New  Jersev,  1868,  p.  136. 
i.  Lafayette,  N.  J.    Rept.  New  Jeraey  State  Geol.  for  1900,  p.  74. 

As  above  noted,  the  rocks  of  the  Lehigh  district  have  a  general  dip 
to  the  northwest,  though  there  are  numerous  local  exceptions  to  this 
rule.  The  lowest  beds  of  the  Hudson  series,  therefore,  are  those 
which  outcrop  along  the  southern  boundary  of  the  formation,  as  above 
outlined.  These  lowest  beds  carry  much  more  lime  and  less  silica, 
alumina,  and  iron  than  the  higher  beds  whose  analyses  are  given 
above.  The  lowest  beds  of  the  Hudson  shales  become  more  cal- 
careous and  form  a  natural  ti*ansition  into  the  underl3nng  cement 
rock  or  Trenton  limestone. 


MANUFACTURING    METHODS. 


COMBINATION    OP   MATERIALS   USED. 


Throughout  most  of  the  Lehigh  district  the  practice  is  to  mix  with 
a  relatively  large  amount  of  the  ''cement  rock"  or  argillaceous  lime- 
stone a  small  amount  of  pure  limestone,  in  order  to  bring  the  lime 
carbonate  content  up  to  the  percentage  proper  for  a  Portland-cement 
mixture.  As  above  noted,  all  of  the  "cement  rock"  is  derived  from 
the  middle  part  of  the  Trenton  formation,  where  the  beds  will  run 
from  60  to  70  per  cent  of  lime  carbonate.  The  pure  limestone  which 
is  required  to  bring  this  material  up  to  the  necessary  percentage  of 
lime  carbonate  (about  75  per  cent)  is  obtained  either  from  the  lower 
portion  of  the  Trenton  itself  or  from  certain  low-magnesian  beds 
occurring  in  the  Kittatinny  formation. 

In  the  plants  located  near  Bath  and  Nazareth,  however,  the  practice 
has  been  slightly  different.     In  this  particular  area  the  cement-rock 
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quarries  usually  show  rock  carrying  from  70  to  80  per  cent  of  lime 
carbonate.  The  mills  in  this  vicinity,  therefore,  require  practically 
no  pure  limestone,  as  the  quarry  rock  itself  is  sufficiently  high  in  lime 
carbonate  for  the  purpose.  Indeed,  it  is  at  times  necessary  for  these 
plants  to  add  clay  or  slate  instead  of  limestone  to  their  cement  rock 
in  order  to  reduce  its  content  of  lime  carbonate  to  the  required  figure. 
In  general,  however,  it  may  be  said  that  Lehigh  practice  is  to  mix  a 
low-carbonate  cement  rock  with  a  relatively  small  amount  of  pure 
limestone,  and  analyses  of  both  these  materials,  as  used  at  various 
plants  in  the  district,  are  given  below. 

Analyses  of  materials  used  in  the  Lehigh  diMricl. 


Cement  rock. 


Silica  (810a) 16. OTi  |  19.06 

Alumina  ( AljOs) <    9. 02      4. 44 

Iron  oxide  ( Fe^bs)  •  •  •  •  i    1-  '-27      1. 14 

Lime      carbonate 

70.10 


(CaCOs) 

[affnesiiii 
(MgCO,) 


Magnesium  carbonate 


8.96 


69.24 
4.21 


19.08 
i  7.92 

67.07 
4.06 


22.22 
r  7.24 
I     .92 

63.45 

4.66 


13.80 


K 


06 


76.08 


4.51 


9.62 
4.72 


80.71 


4.92 


19.62  i  14.20 
5.68       6.11 


69.78 


4.90 


74.30 


8.24 


Pure  limestone. 


2.14 


1.46 


94.35 


2.18 


8.02       1.98 


1.90 


92.05 


.70 


95.19 


3.04       2.06 


CHARACTER  AND  COMPOSITION   OP  THE  CEMENT  ROCK. 

The  cement  rock  is  a  dark-gray  to  black  slaty  limestone,  breaking 
with  an  even  fracture  into  flat  pieces,  which  usuall}'  have  smooth, 
glistening  surfaces.  As  the  percentage  of  lime  carbonate  in  the  rock 
increases — i.  e.,  as  the  lower  beds  of  the  formation  are  reached — the 
color  becomes  a  somewhat  lighter  gra}^  and  the  surfaces  of  the  frag- 
ments lose  their  slat}^  appearance. 

The  range  in  composition  of  the  cement  rock  as  used  at  various 
plants  is  well  shown  in  the  first  eight  coltimns  of  the  above  table. 
The  nearer  the  material  from  any  given  quarry  or  part  of  a  quarry 
approaches  the  proper  Portland-cement  composition  (say  76  to  77  per 
cent  lime  carbonate)  the  less  addition  of  pure  limestone  will  be  neces- 
sary. In  by  far  the  greater  part  of  the  district,  as  above  noted,  the 
cement  rock  is  apt  to  run  about  65  to  70  per  cent  of  lime  carbonate, 
therefore  requiring  the  addition  of  a  proportionate  amount  of  lime- 
stone. Most  of  the  quarries  near  Bath  and  Nazareth,  however,  have 
been  opened  on  beds  of  cement  rock  running  considerably  higher  in 
.irae  carbonate,  and  occasionally^  running  so  high  (80  per  cent,  etc.)  as 
to  require  the  addition  of  shale  or  clay  rather  than  of  pure  limestone. 

CHARACTER  AND  COMPOSITION   OP  THE   PURE   LIMESTONES. 

The  pure  limestones  added  to  the  cement  rock  are  commonly  gray, 
and  break  into  rather  cubical  fragments.     The  fracture  surfaces  show 
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a  finely  granular  structure,  quite  distinct  in  appeamnce  from  the  slaty 
cement  rock. 

In  coniposition  the  limestones  <K>mraonly  used  will  carr}^  from  90  to 
96  per  cent  of  lime  carbonate,  with  rather  less  magnesium  carbonate 
than  is  found  in  the  cement  rock.  -  All  of  the  cement  plants  own  and 
operate  their  own  cement-rock  quarries,  but  most  of  them  are  com- 
pelled to  buy  the  pure  limestone.  When  this  is  the  case  only  very 
pure  grades  of  limestone  are  purchased,  but  when  a  cement  plant 
owns  its  limestone  quarry  material  running  as  low  as  85  per  cent  of 
lime  carbonate  is  often  used. 

QUARRY   PRACTICB. 

In  most  of  the  cement-rock  quarries  of  the  Lehigh  district  the  rock 
dips  from  from  15^  to  25°,  usuall}^  to  the  northwest.  At  a  few  quar- 
ries, particularly  in  New  Jersey,  the  dip  is  much  steeper.  The  quar- 
ries are  opened,  preferably,  on  a  side  hill,  and  the  overlying  stripping, 
which  consists  of  soil  and  weathered  rock,  is  removed  by  scrapers  or 
shoveling.  The  quarry  of  the  Lawrence  Cement  Company  has  been 
extended  in  its  lower  levels  so  as  to  give  a  tunnel  through  which  the 
material  is  hoisted  to  the  mill.  Several  other  quarries  have  been  car- 
ried straight  down,  until  now  they  are  narrow  and  deep  pits,  from 
which  the  material  is  hoisted  vertically.  The  Bonneville  Portland 
Cement  Company  quarry  is  an  extreme  example  of  this  type. 

In  quarries  opened  on  a  side  hill,  so  as  to  have  a  long  and  rather 
low  working  face  and  a  floor  at  the  natural  ground  level,  the  rock  is 
commonly  blasted  down  in  benches,  sledged  to  convenient  size  for 
handling  and  crushing,  and  carried  by  horse  carts  to  a  point  in  the 
quarry,  some  distance  from  the  face,  where  the  material  can  be  dumped 
into  cars,  which  are  hauled  by  cable  to  the  mill.  Occasionally  the 
material  is  loaded  at  the  face  into  small  care  running  on  temporary 
tracks.  The  loaded  cars  are  then  drawn  by  horses  or  pushed  by  men 
to  a  turntable,  where  they  are  connected  to  the  cable  and  hauled  to 
the  mill.  While  these  methods  seem  clumsy  at  first  sight,  they  are 
capable  of  little  improvement.  The  amount  of  rock  used  every^  day  in 
a  large  mill  necessitates  very  heavy  blasting,  and  this  prevents  per- 
manent tmcks  and  cableways  from  being  laid  near  to  the  working  face. 

At  several  quarries  the  loading  into  the  cars  or  carts  is  accomplished 
by  means  of  steam  shovels.  The  cement  rock  seems  to  be  well 
adapted  for  handling  by  steam  shovels,  but  even  then  much  sledging 
is  necessary,  and  the  blasting  operations  are  interfered  with. 

MILL   PRACTICE. 

What  may  be  considered  as  t^^pical  American  practice  in  the  manu- 
facture of  Portland  cement  from  dry  materials  owes  its  present  suc- 
cess largely  to  the  works  of  the  Lehigh  district.     Previous  to  the 
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commencement  of  Portland -cement  manufacture  in  Pennsylvania,  dry 
processes  had  not  been  looked  upon  with  favor.  Xhe  European  plants 
then  in  existence  used  wet  processes  exclusively,  differing  only  in  the 
amount  of  water  that  was  used. 

A  dry  process  can  not  well  be  used  in  stationary  kilns,  whether  of 
dome  or  chamber  type,  for  even  if  the  mixing  be  done  dry  it  will  be 
necessary  to  add  water  in  making  ,the  mixture  into  bricks.  The  nat- 
ural result  was  that  these  early  plants  used  water  very  liberally — 
almost  as  freely  as  the  Michigan  marl  plants  of  to-day,  and  with  far 
more  excuse  for  doing  so.     . 

With  the  introduction  of  the  rotary  kiln  a  dry  process  became  not 
only  possible  but  advisable,  and  the  Ijchigh  practice  of  to-day  is  the 
result.     The  usual  Lehigh  practice  may  be  summed  up  as  follows: 

The  cement  rock  is  crushed  and  dried,  the  first  of  these  operations 
often  taking  place  in  the  quarry.  Large  gyratory  crushers  are  com- 
monly used  for  this  work,  while  the  drying  is  usually  done  in  rotary 
driers.  The  necessary  amount  of  limestone,  also  previously  crushed 
and  dried,  is  added,  and  the  two  materials  are  mixed  and  further 
reduced  together.  Occasionally  a  smaller  gyratory  crusher,  breaking 
to  say  one- half  inch,  is  the  next  step  in  the  process  of  reduction. 
Commonly,  however,  the  mixture  goes  to  ball  mills,  comminuters  or 
Williams  mills,  and  then  to  tube  mills.  Some  of  the  plants  use  Griffin 
mills  in  place  of  those  noted,  while  the  Atlas  plant  uses  the  Hunt- 
ingdon mill.  N 

The  raw  mixture  is  ground  to  a  fineness  usually  not  exceeding  85 
per  cent  through  a  100-mesh  sieve,  and  often  falling  much  lower. 
Compared  with  the  practice  at  plants  using  limestone-clay  mixtures, 
this  is  coarse  work.  It  is  less  harmful  than  might  be  expected,  how- 
ever, owing  to  the  fact  that  most  of  the  mixture  is  made  up  of  cement 
rock  which  is  already  naturally  well  mixed. 

The  mixture  is  usually  dampened  (to  prevent  too  much  of  it  being 
blown  out  of  the  kiln)  and  fed  to  rotary  kilns.  Except  at  the  new 
Edison  plant  at  Stewartsville,  these  kilns  are  commonly  6  feet  in 
diameter  and  60  to  110  feet  in  length. 

CHARACTER  AND  COMPOHITION   OF  THE   PRODUCT. 

The  analyses  given  in  the  following  table  will  serve  to  show  the 
composition  of  the  product  of  the  Lehigh  district.  Of  the  10  analyses 
quoted,  those  numbered  1  to  8,  inclusive,  are  fairl}^  representative 
cements.  Analyses  9  and  10,  on  the  other  hand,  are  of  a  brand  carry- 
ing a  very  low  content  of  alumina  and  iron  oxide  and  a  correspondingly 
high  percentage  of  silica. 
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Analyses  of  Lehigh  digtricl  cements. 


Silica  (SiO,).... 

Alumina  (AlaOs) 

Iron  oxide  (Fe,- 
O.)  

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies    (K,0, 
Na,0) 

Sulphur  trioxide 
(80.) 


1 

21.30 

7.65 

2.85 

60.95 

2.95 

1.15 

1.81 

t 


21.96 
8.29 

2.67 

60.52 

3.43 

(«) 
1.49 


21.1 
8.0 

2.5 

65.6 

2.4 

(«) 
(a) 


20.87 
7.60 

2.66 

63.04 

2.80 

(«) 
1.50 


19.06 

7.47 

2.29 

61.23 

2.83 

1.41 

1.34 


6 

1 

!     ^ 

1 

8 

21.65 

22.68 

21.08 

8.09 

1  6.71 

1 

7.86 

2.93 

2.35 

2.48 

63.10 

.62. 30 

63. 68 

2.00 

'  3.41 

1 

2.62 

(«) 

1 

(«) 

1.02 

1 

!  1.88 

1 

1.25 

9 


10 


24.23 
4.80 


24.48 
4.51 


1. 86     2. 68 

63.01   64.33 

3. 20     2. 59 


(«) 


1.20 


(«) 


1.41 


a  Not  determined. 

The  characteristics  of  the  Lehigh  district  Portland  cements  are  best 
brought  out  by  the  following  summary  of  the  range  and  average  of 
the  various  constituents.  In  making  up  the  average  the  silica,  alumina, 
and  iron  oxide  contents  of  analyses  Nos.  9  and  10  have  not  been  used, 
and  the  lime  percentage  of  No.  3  has  also  been  excluded.  For  com- 
parison, 9  and  10  have  been  averaged  for  the  first  three  constituents, 
and  the  results  are  placed  in  the  fourth  column. 

Range  and  average  of  Lehigh  district  Portland  cement. 


Silica  (SiO,) 

Alumina  ( AljOs) 

Iron  oxide  (FejOj) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,K,0).. 
Sulphur  trioxide  (SO,) 


Maximum. 

Averaire. 

22.68 

21.21 

8.29 

7.71 

2.93 

2.59 

64.33 

62.46 

3.43 

2.82 

1.41 

1.28 

1.88 

1.43 

Minimum. 


Average  of 
9  and  10. 


19.06 
6.71 
2.29 

60.52 
2.00 
1.15 
1.02 


24.355 
4.565 
2.270 
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Portland  cement  production  of  the  Lehigh  districtf  1890-190S. 


Lehigh  diHtrict. 

Entire  United  States. 

Percenta^re  of 
total  prod- 

Year. 

Number 
ofplanto. 

Number  of 
barrelfl. 

Number 
of  plants. 

Number  of 
barrels. 

Value. 

uct  manufac- 
tured in  Le- 
high district. 

1890 

5 
5 
5 
5 

7 
8 

• 

8 
8 
9 
11 
15 
16 
17 
17 

201,000 

248,500 

280,840 

265, 317 

485,329 

634, 276 

1, 048, 154 

2, 002, 059 

2, 674, 304 

4, 110, 132 

6, 153, 629 

8, 595, 340 

10, 829, 922 

11,400,000 

16 
17 
16 
19 
24 
22 
26 
29 
31 
36 
50 
56 

335.500 

454, 813 

547,440 

590,652 

798, 757 

990,324 

1, 543, 023 

2, 677, 775 

3, 692, 284 

5, 652. 266 

# 

$439,050 
1, 067, 429 
1,152,600 
1, 158, 138 
1,383,473 
1, 586, 830 
2, 424,  Oil 
4, 315, 891 
5, 970, 773 
8. 074-  371 

60.0 

1891 

64.7 

1892 

1893 

51.3 
44.9 

1894. 

60.8 

1895 

1896 

64.0 
68.1 

1897 

74.8 

1898 

72.4 

1899 

72.7 

1900 

8, 482, 020       9-  2«0. 525 

72.6 

1901 

12-711-225 

12, 532, 360 
20, 864, 078 

67.7 

1902 

— ,    — ,  — 
65     17-230.644 

62.8 

1903« 

68 

19, 000, 000 

60.0 

a  Estimated. 


FUTURE   EXTENSIONS. 

As  noted  in  the  earlier  portion  of  this  paper,  the  cement  deposits 
have  been  developed  only  from  near  Beading,  Pa.,  to  a  point  a  few 
miles  from  Stewartsville,  N.  J.  Most  of  the  readily  accessible  cement 
land  between  these  points  has  been  taken  up  by  the  cement  companies 
or  is  being  held  at  impossible  prices  by  the  owners.  Under  these  cir- 
cumstances it  seems  probable  that  few  additional  plants  can  be  profit- 
ably established  in  the  district  now  developed,  and  that  the  growth  of 
the  industry  here  will  be  brought  about  by  extending  the  district.  A 
few  notes  on  the  distribution  of  the  same  cement  beds  in  adjoining 
areas  may  therefore  be  of  interest  to  those  desiring  to  engage  in  the 
manufacture  of  Portland  cement  from  materials  of  the  Lehigh  district 
type. 

Northeast  of  Stewartsville,  N.  J.,  the  cement  beds  outcrop  at  fre- 
quent intervals  in  the  Kittatinny  Valley  all  the  way  across  New  Jersey, 
and  a  few  miles  into  Orange  County,  N.  Y.  The  exact  locations  of  these 
deposits,  with  numerous  analyses  of  the  cement  rocks,  are  given  in 
the  Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1900, 
pages  41-95.  Many  detailed  maps  in  that  report  show  the  outcrops 
very  precisely. 

Southwest  of  Reading  the  Trenton  beds  outcrop  in  a  belt  that 
crosses  Lebanon,  Cumberland,  and  Franklin  counties.  Pa.,  passing 
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near  the  towns  of  Lebanon,  Harrisburg,  Carlisle,  and  Chambersburg. 
In  Maryland  the  Trenton  rocks  occur  in  Washington  Count}^  while  in 
West  Virginia  and  Virginia  they  aie  extensively  developed. 

Throughout  this  southern  extension  of  the  Lehigh  rocks  the  Tren- 
ton is  not  ever}' where  an  argillaceous  limestone,  but  it  is  frequently 
so,  and  it  is  always  very  low  in  magnesium  carbonate.  It  is  therefore 
probably  safe  to  say  that  in  southern  Pennsylvania,  Maryland,  West 
Virginia,  and  Virginia  the  Trenton  rocks  are  ever}'^where  good  Port- 
land-cement materials,  though  in  some  placets  th(»y  will  require  pure 
limestone,  and  in  other  places  clay,  to  bring  them  to  proper  composition. 

WS8TEBK  PENKBTLYAiriA. 

Two  small  Portland  cement  plants  are  in  openition  in  western 
Pennsylvania,  each  of  which  presents  certain  features  of  interest. 

The  Portland  cement  plant  of  the  Clinton  Iron  and  Steel  Companj', 
locmted  at  Pittsburg,  was  the  first  plant  to  utilize  a  mixture  of  blast- 
furnace slag  and  limestone  in  the  manufacture  of  a  true  Portland 
cement,  having  commenced  this  industry  several  3'ears  before  it  wa« 
taken  up  by  the  Illinois  SUvl  Company  at  Chicago. 

The  Crescent  Portland  Cement  Company,  located  at  Wampum, 
Lawrence  County,  is  one  of  the  oldest  Portland  cement  plants  in  the 
United  States,  having  gone  into  of^eration  when  the  Sa^^lors  were  the 
onl}'  operators  in  the  I^high  district.  The  material  used  here  is  the 
Ferriferous  (Vanport)  limestone,  of  Carl)oniferous  age,  and  a  shale 
overlying  this  limestone. 

Aruilyseii  of  Portland  remnU  mnirriaU^  Wampum^  Pa. 


Silica  (SiO,) 

Alumina  ( AljOs) 

Iron  oxide  (Fe./)3)  .. 

Lime  (CaO) 

Magnesia  (MgO) 

Carl)on  dioxide  (CX),) 


—    — 

LI 

mestduc.  ' 

5.52 

2.97   1 

49.66 

.78 

n.  d. 

Shale. 
65.  IH) 

1 

21.57 

1 

6.07 
.47 

.82 

1 

1 

n.  d. 

1 

PORTIiAND-CEMElSrT   RESOURCES   OF   RHODE  IST^ANI>. 

The  only  limestone  beds  in  this  State  large  enough  to  l)e  of  economic 
importance  occur  on  the  Lime  Rocks,  two  small  islet*;  lying  between 
Newport  and  Fort  Adams.  The  limestones  occurring  at  this  locality 
have  been  leather  doubtfully  referred  to  the  Cambrian  in  the  latest  dis- 
cussion"  of  Rhode  Island  geology.     Though  commonly  referred  to  as 

a  Focwte,  A.  F.,  (ti.H.»U)gy  tif  the  Njirra(faii*ctt  Basin,  Mem.  V.  S.  Geol.  Sun'ey,  vol.  33,  p.  318,  1899. 
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dolomite  the  Lime  Rock  stone  is  not  a  very  highly  magnesian  rock,  as 
is  shown  by  the  following  analysis"  by  J.  H.  Appleton  of  a  specimen 
from  the  Harris  quarry. 

Analysis  of  Rhode  Islnnd  limeMone. 

Silica  (SiO,) 2.748 

Alumina  ( AlA) 3^9 

Iron  ox ide  ( Fe A ) Oil 

Lime  carbonate  (CaCOj) 88. 23 

Magnesium  carbonate  ( Mg('Os)  .^ 8. 80 

Moisture 04 

This  rock  carries  too  much  magnesia  to  permit  its  use  in  Portland- 
cement  manufacture  under  the  present  standards,  and  its  amount 
and  location  with  respect  to  fuel  and  market  are  not  particularly 
advantageous. 

Small  beds  of  limestone  occur  at  other  localities  in  the  State,  but 
none  of  these  are  of  sufficient  extent  to  be  workable,  whatever  may  be 
their  chemical  composition. 


POUTL.AND  CEMENT  RESOURCES  OF  SOUTH  CAROLINA. 

Limestones  occur  at  many  points  in  South  Carolina,  but  no  good 
geological  map  of  the  State  is  in  existence  and  no  recent  report  has 
been  issued  on  these  rocks.  The  analyses  given  below  are,  with  one 
exception,  very  old,  but  they  will  give  some  idea  of  the  composition 
and  location  of  the  limestones. 

The  western  portion  of  the  State  contains  a  number  of  beds  of 
metamorphosed  limestone  or  marble  that  seem  to  be  satisfactory  in 
composition,  but  fuel  supply,  local  markets,  and  cheap  transportation 
are  all  lacking. 

Analyses  of  metamorphic  limestones^  western  South  Otroliniu 


Silica  (SiO,)  25.0   ] 

Alumina  (Al^Oa) 

Iron  oxide  ( Fe/),) 

Lime  carlwnate  (CaCO») 70. 0     92. 00 


6 


I  5.0 


16.0     10.0       11.0 

7.00  I  .  .  1      _.   ^  _  _  ;yi3.5 


[  9.0   I  4.50  ,1  2.5 


6.40 


3.14 


75.0     85.00     86.0     86.0     90.56 


Magnesium  carbonate  ( M^O;, ) 1 .  00       Tr. 


.50 


.5 


.5 


Tr. 


1.  Bra.<wtown  Creek,  Pickens  difltrlct. 

2.  Siiluda  River,  Laurenn  district. 

3.  Highest  limeMtone  bed,  York. 

4.  Lower  limestone  be<i,  York. 

6.  Hardin's  limestone  bed,  York. 

6.  Uarlington'sqaarry,  I^urens  distrirt. 

7.  Limestone  Springs,'  Hpartanburfr. 

Analyses  by  Tuomey,  Kept.  Geol.  South  Carolina,  1848,  pp.  2f)2-*:6t. 


a  Twentieth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt.  G,  p.  442. 
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In  the  Coastal  Plain  soft  limestones  of  Tertiary  age,  the  so-called 
"marls,"  outcrop  at  many  points.  Much  of  these  materials  would  be 
very  satisfactory  for  Portland  cement  manufacture. 

AnciJyseH  of  Taiiary  Unu^stones,  eastern  South  Carolina. 


Silica  (SiO,) 

Alumina  (Al,Os) 

Iron  oxide  (Fe^O,) 

Lime  carbonate  ( CaCOj) 

Magnesium  carbonate  (MgCOji) 


8 

4 

16.00 

18.60 

4.75 

.40 

Tr. 

Tr. 

63.50 

68.00 

7.00 

1.20 

6 


10. 10 

1.00 

Tr. 

66.04 
2.56 


1.  strawberry  station,  Berkeley  Gpunty. 

2.  Elwood  plantation,  Cooper  Klver. 

3.  Dixon's  plantation.  Cooper  River. 

4.  QooHC  CreeAE,  15  miles  from  Gliarleston. 
6.  Drayton  Hall. 

Analysis  1  by  Crowell  and  Peck;  analyses  2-5  by  C.  U.  Shepard. 

The  analyses  given  above,  while  showing  well  the  amount  of  free 
sand  carried  by  many  of  these  soft  Tertiary  limestones,  hardly  repre- 
sent their  percentages  of  lime  carbonate.  Much  purer  beds  than  the.se 
are  known  to  occur  near  Charleston,  but  no  good  analyses  are  available. 

PORTIiAXI>-CEMENT  RESOURCES  OF  SOUTH  DAKOTA. 

PORTLAND-CEMENT  MATERIALS. 

The  limestone  formations  of  South  Dakota  which  give  any  promise 
of  supporting  a  Portland-cement  industrj'-  occur  in  two  different  por- 
tions of  the  State.  They  are  thus  separated  geographically  as  well  as 
geologically  into  the  two  following  groups,  which  will  be  discussed  in 
the  order  named:  (1)  The  limestones  of  the.  Black  Hills  district;  (2) 
the  Niobrara  (Cretaceous)  chalk  of  eastern  South  Dakota. 


LIMESTONES  OF  THE  BLACK  HILLS   DISTRICT. 

Darton  has  described  the  stratigraphy  and  rocks  of  the  Black  Hills 
district^  as  follows: 

The  Black  Hills  uplift  is  an  irregular  dome-shaped  anticline,  embracing  in  its  more 
obvious  features  an  oval  area  125  miles  in  length  and  60  miles  in  breadth,  with  its 
larger  dimension  lying  nearly  northwest  and  southeast.  It  is  situated  in  a  wide  area 
of  almost  horizontal  beds  underlying  the  great  east-sloping  plain  that  extends  from 
the  Rocky  Mountains  to  the  Mississippi  River.  It  has  brought  above  the  general 
surface  level  an  area  of  pre-Cambrian  crystalline  rocks  about  which  there  is  upturned 
a  nearly  complete  sequence  of  the  Paleozoic  and  Mesozoic  rocks  from  Cambrian  to 


a  Darton.  N.  H.,  Twenty-first  Anq.  Rept.  U.  S.  Geol.  Survey,  pt.  4,  pp.  602  et  seq. 
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Laramie,  all  dipping  away  from  the  central  nucleus.  There  are  also  extensive  over- 
laps of  the  Tertiary  deposits,  which  underlie  much  of  the  adjoining  plains  area. 
The  region  is  one  of  exceptionally  fine  exposures,  which  afford  rare  opportunity  for 
a  study  of  stratigraphic  relations  and  variations.  Many  of  the  rocks  are  hard,  and 
the  streams  flowing  out  of  the  central  mountain  area  have  cut  canyons  and  gorges, 
in  the  walls  of  which  the  formations  are  often  extensively  exhibited.  The  structure 
presented  locally  is  that  of  a  monocline  dipping  toward  the  plains.  The  oldest  sedi- 
mentary rocks  constitute  the  escarpment  facing  the  crystalline  rock  area,  and  each 
higher  stratum  passes  beneath  a  newer  one  in  regular  succession  outward  toward  the 
maiyin  of  the  uplift.  The  sedimentary  formations  consist  of  a  series  of  thick  sheets 
of  sandstones,  limestones,  and  shales,  all  esnentially  conformable  in  structure.  The 
overlapping  areas  of  the  Tertiary  deposits  extend  across  the  edges  of  the  older  forma- 
tions. The  stratigraphy  presents  many  features  of  similarity  to  the  succession  of 
rocks  in  the  Rocky  Mountains  of  Colorado  and  Wyoming,  but  it  possesses  numerous 
distinctive  local  features. 

The  following  is  a  list  of  the  formations  which  are  exhibited  in  the  uplift,  with  a 
generalized  statement  as  to  the  thickness,  characteristics,  and  age: 


Generalized  section  in  the  Black  Hills  region. 


Formation. 


Character. 


-I— 


I^aramie 

Fox  Hills 

Pierre  shale 

Niobrara 

Benton  group: 
Carlile  formation 


Greenhorn  limestone 
Graneros  shale 

Dakota  sandstone 

Fuson 


Minnewaste  limestone 
Lakota 


Beulah  shale 

Unkpapa  sandstone 


Massive  sandstone  and 
shale. 

Sandstone  and  shale 

Dark-gray  shale 

Chalk  ami  calcareous 
shale. 

Gray  shales  with  thin 
sandstones,  lime- 
stones, and  concre- 
tionary iayers. 

Impureslabby  limestone 

Dark  shale  with  lenses 
of  massive  sandstone 
in  its  lower  part  at 
some  places. 

Massive  buff  sandstone . . 

V^ery  fine-grained  sand- 
stone and  massive 
shales.  White  to  pur- 
ple color. 

Gray  limestone 

Massive  buff  sandstone, 
with  some  interca- 
lated shale. 

I 

Pale  grayish-green  shale . 

Massive  sandstone; 
white,  purple,  red, 
buff. 


Avera^re 
thickness. 

A^. 

F€€t. 

2,500 

Cretaceous. 

250-500 

Do. 

1,200 

Do. 

225 

Do. 

500-750 

Do. 

50 

Do. 

900 

Do. 

35-150 

Do. 

30-100 

Do. 

0-30 

Do. 

200-350 

Do. 

0-150 
0-250 


Jurassic. 
I>o. 
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GenenUized  aection  in  th^  Black  Hills  region — Continued. 


Formutiun. 

Chamcter. 

Average 
thickncNM. 

Aflre. 

Feit. 

Siindan(?e 

Dark-drab  shales    and 
buff  sandstones;  man- 
sive  red  sandstone  at 
l)aae. 

60-400 

Juraasic. 

Spearfiah 

Red  sandy  shales  with 
gypsum  bed. 

350-500 

Triaasic. 

Minnekahta  limestone  . 

Thin-lxHlded  gray  lime- 
stone. 

30-50 

Permian. 

Oj3e<;he 

Red    filabby  sandstone 
and  sandy  shale. 

90-130 

Permian? 

Minnelusa 

Sandstones,  mainly  buff 
and   red;    in  greater 
part  calcareous.  Some 
thin  limestone  in- 
cluded. 

400-450 

Carboniferous. 

Pahaaapa  limestone 

Massive,  gray  limestone . 

250-500 

Do. 

Englewood  linun^tone.. 

Pink  slabby  limestone.. 

25 

Do. 

Dead  wood 

Red-brown  quart zite 
and  sandstone,  locally 
conglomeratic,  partly 
massive. 

4-150  1  Cambrian. 

1 

1 
1 

I 

Of  the  various  formation.s  named  in  the  above  bibles,  the  limevStones 
are  descri})ed  l)y  the  same  writer." 


a 


ENGLEWOOD   LIMESTONE. 

In  the  southern  Black  Hills  the  Dead  wood  formation  is  overlain  bv  a  series  of  thin- 
bedded,  pale  pinkish-buff  limestones.  On  the  suggestion  of  Mr.  Jaggar,  it  ie  proposed 
to  designate  this  formation  the  Englewood  limestone,  from  a  locality  in  the  northern 
Black  Hills  where  it  is  extensively  exposed.  It  appears  to  extend  continuously 
around  the  Black  Hills,  everywhere  immediately  underlying  the  Pahasapa  limestone. 
It  averages  20  to  30  feet  in  thickness  and  presents  frec|uent  outcrops  in  the  lower 
slopes  of  the  limestone  escarpment  and  in  numerous  canyons.  It  merges  rapidly 
into  the  overlying  limestone,  occasionally  with  a  few  feet  of  impure  buff  limestone 
intervening.  It  is  usually  sl^arply  separate<l  from  the  Dead  wood  formation,  but  only 
by  a  sudden  change  in  the  nature  of  the  materials.  The  Englewood  limestone  is 
usually  fossiliferous,  containing  numerous  corals  and  occasional  shells.  The  follow- 
ing forms  have  been  reported:  FeneMeUa^  OHhoth€U%  Tjepicena,  Spirifery  Chonetes 
loganiy  Reticnlnria  pfculiarisy  Syringothi/ris  carteriy  and  crinoids.  It  is  correlated  with 
the  Chouteau  or  Kinderhook  of  the  Mississippi  Valley. 

PAHASAPA    LIMESTONE. 


This  prominent  member,  heretofore  known  as  the  gray  limestone,  has  an  extensive 
outcrop  area  in  the  Black  Hills  uplift.     It  constitutes  much  of  the  high,  wide  |)lateau 


^'Ibid.,  pp.  509,  et  seij. 


KCKKL.I  SOUTH    DAKOTA.  299 

west  of  the  central  repion  of  orvHtalline  rooks,  and  \»  most  characteristically  exhibit^ 
in  the  great  lines  of  cliffs  in  the  infacing  est'arpnient  surrounding  that  rt^ion.  Mr. 
Jaggar  has  snggestetl  that  there  l)e  applieil  to  it  the  Dakota  Indian  name  for  the 
Black  IlillsT— Pahasajja.  The  formation  consists  of  a  thick  <ieposit  of  massive  gray 
Hiuestone,  usually  outcropping  in  precipitous  cliffs  with  many  picturesque  irregulari- 
ties of  form,  or  with  wide,  fiat  surfac^es.  Caverns  are  of  fretjuent  occurrence,  some 
of  them  l)eing  of  large  size.  One,  having  several  miles  of  galleries,  is  known  as  Wind 
Cave,  from  the  strong  current  of  air  which  usually  issues  from  its  mouth.  It  is  situ- 
ated 8  miles  north  of  the  Hot  Springs  and  attracts  thousands  of  visitors.  Crystal 
Cave,  in  the  northern  Black  Hills,  is  also  a  very  interesting  cavern,  with  many  lai^j^e 
deposits  of  dog-tooth  spar  on  its  walls. 

The  most  extensive  exposures  of  the  Pahasapa  limestone  are  in  the  great  plateau 
west  of  Custer.  Here  the  formation  begins  in  a  line  of  high  cliffs  surmounting 
slopes  of  crystalline  schists  and  the  relatively  thin  sheets  of  Englewood  limestone 
and  Dead  wood  sandstone.  A  view  of  one  of  these  cliffs  is  shown  in  fig.  274.  In 
Pennington  County  the  plateau  has  a  width  of  10  miles  of  continuous  limestone  out- 
crop, constituting  the  most  elevated  area  in  the  Black  Hills  excepting  the  small 
summit  of  Harney  Peak.  To  the  west  the  limestone  passes  beneath  the  sandstone 
of  the  Minnelusa  formation,  but  it  is  exposed  again  in  the  arch  of  the  steep  anticline 
near  the  Wyoming-South  Dakota  line.  Hell  Canyon  cuts  deeply  into  the  Pahasapa 
limestone,  as  does  also  the  wider  canyon  known  as  Pleasant  A"al ley.  East  ol  the 
crystalline  rock  area  the  limestone  stands  out  on  many  conspicuous  knobs,  or  lies  on 
the  eastern  slopes  of  ridges  due  to  the  Deadwood  ({uartzite,  but  it  does  not  attain 
the  high  altitude  which  it  has  farther  west.  With  decreased  thickness,  the  more 
rapid  dip  to  the  east  soon  carries  the  formation  below  the  surface  in  that  direction, 
but  it  constitutes  the  walls  of  many  of  the  canyons  of  the  streams  from  Beaver  Creek 
north wanl.  French  Creek  has  extensive  cliffs  of  the  limestone,  and  Spring  Creek 
haH  cut  a  long,  deep  canyon  througli  it.  * 

The  thickness  of  the  Pahasapa  limestone  in  the  central  and  southern  Black  Hills 
varies  from  about  500  feet  at  the  northwest  to  225  feet  on  the  east  and  southeast. 
All  along  the  eastern  side  of  the  hills  it  a{)pears  to  have  the  latter  thickness,  with 
slight  local  variations.  It  does  not  present  any  noteworthy  lithologic  subdivisions, 
but  its  upper  part  is  often  siliceous  and  flinty  and  ertaineil  red  to  a  greater  or  less 
extent  frf)m  the  overlying  red  beds  of  the  Minnelusa  formation.  At  its  top  there  is 
usually  a  red  shaly  bed  of  slight  thickness,  containing  oval  concretions  of  hard  silica 
from  6  inches  to  2  feet  in  diameter  in  greater  part.  Fossils  occur  sparingly  through- 
out the  formation,  including  Spirifer  rochjmotiinmis^  Seminnla  davwmi  (Afh}fris  suh- 
iUith),  ProduHti»,  and  Z(tphrentUf  a  fauna  which  indicates  lower  Carlwniferous  age. 

MINNKKAHTA    LIMESTONK. 

This  formation,  known  in  previous  geological  reports  as  the  purple  limestone,  is  a 
prominent  meml)er  of  the  Black  Hills  series.  It  is  thin,  averaging  less  than  50  feet 
in  thickness,  but  it  is  hard  and  flexible  and  covers  moderately  extensive  areas  of  the 
outer  slopes  of  the  Minnelusa  formation.  Southwest  of  Hot  Springs  it  constitutes  a 
prominent  anticlinal  ridge,  which  extends  south  to  Cascade  Spring.  It  is  proposed 
to  designate  this  formation  the  Minnekahta  limestone,  because  a  distinctive  geo- 
raphic  name  is  required,  and  the  region  near  the  hot  springs,  originally  known  as 
the  *' Minnekahta"  by  the  Indians,  is  a  typical  locality.  The  springs  rise  through 
crevices  in  the  formation  just  west  of  th^  town  of  Hot  Springs,  and  the  exposures  in 
the  vicinity  show  all  the  characteristic  features  which  the  formation  presents.  The 
prominence  of  the  Minnekahta  limestone  outcrops  is  due  largely  to  the  fact  that  the 
overlying  formation  is  soft,  red  shale,  which  has  been  deeply  eroded,  leaving  the 
underlying  limestone  bare  on  slopes  up  which  the  re<l  shale  originally  extended. 
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The  underlying  formation,  the  Opeche,  also  being  soft,  the  limestone  nearly  every- 
where presents  an  escarpment,  and  the  many  canyons  which  are  cut  through  it  have 
vertical  walls  of  the  limestone. 

The  Minnekahta  limestone  presents  more  details  of  structure  than  any  other  for- 
mation of  the  Black  Hills.  Normally  it  dips  outward  away  from  the  central  area  at 
from  5°  to  30°,  but  there  are  frequent  variations  in  the  amount  and  direction.  These 
variations  are  due  to  the  fact  that  the  formation  is  a  relatively  hard  bed  of  homoge- 
neous rock  lying  between  masses  of  soft,  red  shales,  so  that  it  was  free  to  flex  wher- 
ever pressure  was  exerted,  the  plasticity  of  the  inclosing  beds  favoring  local  flexing 
and  warping.  Its  beds  are  sometimes  traversed  by  small  faults  and  minute  crum- 
plings,  but  considering  the  large  amount  of  deformation  to  which  the  formation  has 
been  subjected  the  flexures  are  but  little  broken.  The  formation  is  uniform  in 
character  throughout,  being  a  thin-bedded,  light-colored  limestone  containing  mag- 
nesia and  more  or  less  clay  as  an  impurity.  Its  thin  bedding  is  a  characteristic 
feature,  although  the  thin  layers  are  so  cemented  together  that  the  formation  pre- 
sents a  massive  appearance.  On  weathering  and  through  the  action  of  frost  it  breaks 
into  slabs  usually  2  to  3  inches  in  thickness.  On  the  western  side  of  the  Black  Hills, 
notably  in  the  region  from  east  of  Clifton  northward,  its  coloring  is  slightly  darker, 
varying  from  dove  color  to  lead  gray,  and  some  of  the  beds  present  a  seminodular 
structure.  An  increased  admixture  of  clay  is  also  observed  in  some  layers.  The 
general  appearance  of  the  formation  is  always  slightly  pinkish,  with  a  tinge  of 
purple,  from  which  the  term  ''purple  limestone"  originated.  The  thickness  of  the 
formation  was  measured  at  many  points;  a  few  representative  measurements  are  aa 
follows: 

Thickness  of  Mirmekahta  limestone. 

Feet, 

Spring  Creek 45 

Battle  Creek ., 40 

Hot  Springs 50 

Stockade  Beaver  Creek 28-33 

Cambria  well 34 

This  relatively  uniform  thickness  indicates  very  uniform  conditions  of  deposition 
during  the  accumulation  of  the  red  bed  deposits,  the  Opeche  formation  below,  and 
the  Spearfish  formation  above.  An  analysis  of  a  typical  sample  of  the  Minnekahta 
limestone  is  as  follows: 

V 

Analym  of  Minnekahta  limestone. 


Constituent. 


Lime 

Magnesia 

Alumina,  iron,  etc 

Water 

Carbonic  acid 

Sulphuric  acnd  (SOg) 

Silica 

Manganei*e,  soda,  and  potash 


Per  cent. 


31.51 

19.85 

.36 

1.25 

44.66 

.07 

1.12 

None. 
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NIOBRARA  C^ALK. 

In  the  eastern  part  of  South  Dakota,  and  more  particularly  in  the 
extreme  southeastern  part  of  the  State,  the  Miobrara  chalk  furnishes 
an  excellent  raw  material  for  Portland  cement  manufacture.  The 
composition  and  stratigraphy  of  these  rocks  have  been  discussed  in 
detail  under  Iowa  (p.  147),  and  need  not  be  taken  up  again  here.  Todd 
states  that  the  chalk  is  well  exposed  in  numerous  bluffs  along  the 
Missouri  River  from  Yankton  to  Chamberlain,  while  it  also  outcrops 
in  smaller  isolated  elsewhere  in  the  district. 

PORTLAND  CEMENT  INDUSTRY  IN  SOUTH  DAKOTA. 

The  Western  Portland  Cement  Company,  whose  plant  is  located  a 
few  miles  from  Yankton,  has  employed  the  Niobrara  chalk  and  the 
overlying  Pierre  clay  as  raw  materials.  The  original  plant  was  a  wet 
process  mill,  with  stationary  kilns  of  the  Johnson  type,  but  these  have 
been  replaced  by  rotary  kilns.     Analyses  of  the  raw  materials  follow: 

Analysis  of  PortJand  cement  materials^  Yankton^  S.  Dak. 


Chalk. 


Clav. 


Silica  (SiO,) 3.83 

Alumina  ( Al  A ) 2. 31 

Iron  oxide  (FejOj) 

Lime(CaO) 52.16 

Magnesia  (MgO) 14 

Sulphur  trioxide  ( SOj,) 20 

Carbon  dioxide  (COa).... 41.64 

Water 


2 


4.14 
1.81 
2.72 
51  00 
Tr. 

.50 
37.99 
n.  d. 


8 


61.53 
20.74 
4.01 
5.28 
1.72 
1.26 
3.09 
n.  d. 


57.98 

18.26 

4.57 

1.57 

1.83 

1.28 

n.  d. 

12.08 


1.  C.  B.  McVay,  analyist. 

2,  3.  Mineral  industry,  vol.  1,  p.  62. 
4.  Mineral  Industry,  vol.  6,  p.  97 


POBTIiAND  CEMENT  RESOURCES  OF  TBNKE8SBE. 

By  E.  0.  Ulrich. 

Limestones  and  shales  that  probably  have  the  chemical  composition 
and  other  properties  required  in  the  manufacture  of  Portland  cement 
occur  abundantly  in  eastern  and  middle  Tennessee.  In  eastern  Ten- 
nessee the  more  promising  materials  and  localities  are  confined  to  the 
great  Appalachian  Valley,  in  which  numerous  large  and  easily  quarried 
outcrops  of  nonmagnesian  upper  Ordovician  limestones  and  shales 
alternate  with  generally  much  wider  bands  of  dolomitic  lower  Ordo- 
vician limestone  and  Cambrian  shales,  sandstones,  and  limestones. 
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Very  few  analyses  of  Tennessee  limestone  have  been  published 
except  of  the  phosphatic  limestones  of  middle  Tennessee.  This  is  to 
be  regretted,  since  the  decision  as  to  which  limestones  have,  and 
which  have  not,  too  great  a  percentage  of  magnesia  to  make  them 
available  as  Portland  cement  materials  is  nec-essarily  left  to  the  judg- 
ment of  the  observer.  However,  with  exact  correlations  and  careful 
comparisons  with  limestones  of  known  composition  it  is  possible  to 
attain  results  sufficiently  reliable  for  the  present  purpose. 

The  bands  of  limestone  in  the  valley  in  which  the  magnesian  con- 
stituent is  low  enough  to  permit  them  to  be  classed  as  possible  factors 
in  the  manufacture  of  Portland  cement  lie  mostly  above  the  Knox 
dolomite.  They  are  divisible  into  two  series,  one  occurring  in  the 
eastern  half,  the  other  in  the  western  half,  of  the  valle}'.  Though 
probably  contemporaneous,  the  deposits  comprised  in  each  of  these 
two  series  are  sufficiently  different  in  Jithologic  characters  and  fossil 
contents  to  induce  the  belief  that  they  were  laid  down  in  distinct 
liasins  or  troughs.  The  beds  composing  the  two  series  should  there- 
fore be  considered  separately  and  under  distinct  names. 

CAMBRIAN   AND   LOWER  ORDOVICIAN   LIMESTONES   OF    EAST  TENNESSEE. 

Limestones  form  but  a  small  part  of  the  lower  Cambrian  rocks  in 
this  State.  Furthermore,  it  does  not  seem  probable  that  any  of  these 
beds  will  have  the  chemical  composition  now  deemed  necessary  in  a 
Portland  cement  material.  Certain  layers  of  the  Maryville  limestone, 
described  and  mapped  in  folios  Nos.  12,  16,  25,  27,  33,  and  69,  pub- 
lished by  the  U.  S.  Geological  Survey,  probably  are  more  promising 
for  the  purpose  than  any  other  Cambrian  limestone  in  the  StaU». 
Other  limestone  beds,  ranging  in  thickness  from  a  few  feet  to  nearly 
400  feet,  have  been  described  under  the  names  of  Beaver  and  Rutledge 
limestones.  Others  again  are  included  as  calcareous  members  in  the 
Nolichucky  and  Conasauga  shale  formations. 

The  great  bed  of  limestone  known  as  the  Knox  dolomite  overlies 
these  lower  Cambrian  formations.  According  to  classifications  now 
in  vogue,  the  lower  half  of  the  Knox  is  referred  to  the  Cambrian  sys- 
tem while  the  upper  half  is  placed  in  the  Ordovician.  So  far  as  known, 
the  percentage  of  magnesia  in  no  part  of  the  3,500-4,000  feet  of  lime- 
stone comprised  in  the  formation  is  low  enough  to  permit  the  rock  to 
be  classed  as  a  possible  source  of  Portland  cement  material. 

UPPER  ORDOVICIAN   LIMESTONES  OF   THE   EASTERN   PART  OF  THE 

GREAT    VALLEV   OF    EAST   TENNP^SSEE. 

Lenoir  Jifne-stonr, — At  the  base  of  the  series  of  Ordovician  lime- 
stones, shales,  and  sandstones  that  overlies  the  lower  Ordovician  Knox 
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dolomite  ih  a  rather  persistent  bed  of  more  or  less  argillaceous  lime- 
stone to  which  Safford  long  ago  applied  the  name  Lenoir  limestone. 
This  bed  varies  greatly  in  thickness  and  reaches  in  some  places  a 
thickneaa  of  several  hundred  feet.  It  corresponds  in  position,  and  in 
a  considerable  degree  also  in  its  lithologic  features,  to  the  so-called 
^'^ Trenton"  limestone  that  is  employed  in  the  manufacture  of  cements 
in  more  northern  parts  of  the  Appalachian  Valley. 

The  Lenoir  outcrops  in  bands  trending  approximately  parallel  with 
the  margins  of  the  valley.  In  most  of  these  it  is  overlain  by  a  thick 
bed  of  shale  that  has  been  mapped  in  folios  issued  by  the  national 
Survey  as  the  Sevier  shale.  In  the  bands  found  near  the  eastern  edge 
of  the  valley,  in  which  the  limestone  is  thin  and  locally  wanting,  the 
lower  part  of  the  overlying  beds  is  a  dark  shale,  to  which  the  name 
Athens  shale  has  been  applied.  In  these  bands  the  shale  is  overlain 
by  the  Tellico  sandstone.  Where  the  Athens  shale  is  absent,  as  in 
the  bands  outcropping  between  Knoxville  and  Bays  Mountain,  lying 
about  8  miles  east  of  that  city,  the  Lenoir  limestone  is  much  heavier 
and  extends  upward  to  the  base  of  the  Tellico  sandstone. 

In  the  folios  and  other  publications  of  the  United  States  Geological 
Survey  relating  to  East  Tennessee  the  Lenoir  limestone  is  erroneously 
regarded  as  a  thin  representative,  or  rather  as  an  extension,  of  the 
Imsal  part  of  the  Chickamauga  limestone  of  the  western  side  of  the 
valley.  Nearly  all  the  areas  of  Lenoir  limestone  in  East  Tennessee 
have  been  mapped  as  Chickamauga  limestone  in  the  folios  describing 
the  geology  of  the  Chattanooga,  Cleveland,  Kingston,  Loudon,  Knox- 
ville, Maynardville,  Briccville,  and  Morristown  ([uadrangles.  In  these 
folios  the  Lenoir  Chickamauga  limestone  bands  may  l)e  distinguished 
from  the  true  Chickamauga  areas  by  the  association  of  one,  two,  or  all 
of  three  formations — viz,  the  Athens  shale,  Tellico  sandstone,  and 
Sevier  shale — with  the  limestone  in  the  former  areas  and  their  absence 
in  the  latter.  The  distribution  of  the  Silurian  (iron-bearing)  Rock- 
wood  formation  may  also  be  used  in  discriminating  these  areas,  the 
easternmost  bands  of  the  Rockwood  corresponding  approximately  to 
the  western  border  of  the  area  to  which  the  Lenoir  limestone,  Athens 
shale,  Sevier  shale,  and  other  formations  pertaining  to  the  eastern 
province  are  confined. 

Locally,  especially  in  the  bands  that  correspond,  with  respect  to 
the  width  of  the  valley,  to  those  occurring  in  the  vicinity  of  Knox- 
ville, the  upper  part  of  the  Lenoir  contains  or  consists  of  heavy  beds 
of  red  and  grav  marbles.  As  sliown  by  the  accompan5Mng  analyses, 
these  marbles  are  very  pure  limestones,  }>eing  especially  low  in  mag- 
nesia. *  As  the  outerops  are  often  close  to  beds  of  shale,  some  of  those 
that  for  one  reason  or  another  have  proved  unlit  to  work  for  marble 
might  still,  if  found  suitable,  be  utilized  in  the  manufacture  of  cement. 
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Analyses  of  Tennessee  marblexfrom  the  upper  part  of  tfie  Tjenoir  limestone. 


Silica  (SiO,) '.....       0.17 

Alumina  ( Al,Os ) 04 

Iron  oxide  ( Fefi^ ) 23 

Lime  (CaO)  ,    65.47 

Magnesia  (MgO) '  .30 

Sulphur  (S) I 

Carbon  dioxide  (CO,) 43.63 

Water i        .21 


0.13 

Tr. 

.26 

55.32 

.21 

.oa5 

43.61 
.125 


1.  Knoxville,  Knox  County.  L.  Q.  Eakinn.  analyst.    Bull.  U.  B.  Geol.  Survey  No.  168.  p.  258. 

2.  Hawkins  County,  A.  L.  Colby,  analyst.    Eighteenth  Ann.  Rept.  U.  8.  Gool.  Survey,  pt.  5,  p.  983. 

Ordavician  limestones  abaue  the  Lenoir. — Similar  and  occasionally 
extensive  beds  of  crystalline  and  other  limestones  occur  locally  in  the 
Sevier  shale.  Such  limestone  beds  are  especially  well  developed  in 
the  bands  striking  southwest  from  Knoxville  to  Athens.  Thinner  and 
more  earthy  beds  of  limestone  occur,  though  less  commonly,  also  in 
the  Athens  shale.  In  the  region  between  Holston  and  Clinch  rivers 
the  Lenoir  limestone  is  generally  overlain  by  the  Moccasin  limestone, 
a  reddish  argillaceous  limestone  several  hundred  feet  thick. 

UPPER  ORDOVICIAN  LIMESTONES  OF  THE  WESTERN  PART  OF  THE  GREAT 

VALLEY   OF  EAST  TENNESSEE. 

The  upper  Ordovician  limestones  of  the  western  half  of  the  valley 
are  all  included  in  a  single  comprehensive  formation,  described  in  pub- 
lications of  this  Survey  as  the  Chickamauga  limestone.  This  great 
mass  of  rocks,  aggregating  from  1,200  to  2,000  feet  in  thickness,  con- 
sists almost  entirely  of  limestone.  Locally  and  in  certain  parts  of  the 
section,  especially  toward  the  top,  the  limestone  becomes  shaly,  or  it 
may  include  many  thin  beds  of  shale.  Though  the  greater  "part  of  the 
formation  may  be  classed  as  a  pure  limestone,  it  is  nevertheless  true 
that  many  layers  contain  considerable  clayey  matter,  while  a  few  are 
siliceous  and  on  decomposition  give  rise  to  chert.  The  percentage  of 
magnesia,  however,  is  almost  certainly  always  low,*although  analyses 
establishing  the  fact  are  wanting.  Highly  argillaceous  limestones, 
usually  mottled  with  red,  occur  in  the  lower  half  of  the  formation, 
especially  in  the  Chattanooga  belt.  Many  localities  in  the  western 
half  of  the  valley  doubtless  would  afford  materials  for  a  proper  mixture 
in  the  same  quarry. 

The  Chickamauga  limestone  contains  representatives  of  practically 
each  and  all  of  the  formations  into  which  the  Ordovician  rocks  of 
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middle  Tennessee  have  been  divided.  The  succession  of  the  various 
beds,  and  of  the  faunas  characterizing  each,  is  exacti}'  the  same  in 
the  two  areas,  so  that  there  can  be  little  or  no  doubt  respecting. the 
continuity  of  the  beds  beneath  the  later  rocks  making  the  interven- 
ing Cumberland  Plateau. 

ORDOVICIAN   LIMESTONES  OF  MIDDLE  TENNESSEE. 

Limestones  of  t fie  Stones  River  group. — ^The  nearl}'  horizontal  lime- 
j^tones  of  this  group  form  the  floor  of  the  basin,  the  lowest  formation 
outcropping  at  Murf  reesboro.  They  are  all  essentially  nonmagnesian, 
and  hence  deserve  mention  as  possible  or  promising  materials.  The 
Murfreesboro  limestone,  with  an  exposed  thickness  of  70  feet,  is  light 
blue,  usually  heavy  bedded,  occasionally  rather  earthy,  and  often  very 
cherty.  Murfreesboro  is  situated  near  the  center  of  the  area  in  which 
this  limestone  comes  to  the  surface.  The  diameter  of  the  area,  which 
includes,  also,  small  outliers  of  later  formations,  ranges  from  12  to  14 
miles. 

The  Pierce  limestone,  having  a  maximum  thickness  of  scarcely  30 
feet,  rests  on  the  Murfreesboro  limestone  and  forms  a  narrow  belt 
around  the  outcrops  of  that  formation.  It  consists  chiefly  of  thin 
layers  of  highly  fossiliferous  pure  or  somewhat  argillaceous  limestone 
inter  bedded  with  thin  seams  of  calcareous  shale. 

The  next  formation,  the  Ridley  limestone,  having  a  thickness  of  from 
80  to  100  feet,  consists  of  thick-bedded,  light-blue,  sparsely  cherty 
limestone.  The  Ridley,  like  the  Pierce,  outcrops  in  an  irregular  cir- 
cular band  around  the  Murfreesboro  area.  Limited  exposures  of  its 
upper  beds  occur  also  in  Bedford  and  Marshall  counties. 

The  Lebanon  limestone  has  lithologic  characters  similar  to  those  of 
the  Pierce  limestone.  It  is  the  fourth  formation  from  the  base  of  the 
Stones  River  group,  has  a  thickness  of  100  feet  or  more,  and  occupies 
a  larger  area  than  the  preceding  limestones.  The  towns  of  Lebanon, 
Lewisburg,  Shelbyville,  La  Vergne,  and  Fosterville  are  located  on 
this  limestone.  It  is  shown  also  in  the  bluffs  of  Duck  River  at  Colum- 
bia. A  considerable  proportion  of  the  bed  consists  of  argillaceous 
limestone. 

The  Carter  limestone,  the  uppermost  division  of  the  Stones  River 
group,  is  a  very  light  blue,  compact,  heavy-bedded  limestone,  40  to  80 
feet  thick.  It  occurs  in  all  of  the  counties  in  the  centi*al  basin,  and  is 
more  often  burned  for  lime  than  any  other  of  the  Ordovician  limestones 
of  the  basin. 

Trent^m  group, — The  Trenton  limestones,  including  the  Hermitage, 
Bigby,and  Catheys  limestones,  as  defined  in  the  Columbia  folio,**  form 
a  wide  but  irregular  belt,  completely  encircling  the  central  Stones 
River  limestone  areas  of  the  basin. 

Bull.  243—05 20 


306  CEMENT   MATERIALS    AND    INDUSTRY.  (bull.  243. 

These  Trenton  formations,  though  consisting  almost  entirely  of  lime- 
stone, still  vary  greatly  from  place  to  place  in  their  lithologic  charac- 
ters. The  Bigby  limestone,  for  instance,  is  granular  and  phoaphatic 
on  the  west  side  of  the  basin.  Both  of  these  peculiarities  are  lost  on 
tracing  the  formation  around  the  northern  and  southern  sides  to  the 
eastern  border.  Here  a  large  part  of  the  formation,  which  has.  more- 
over, increased  in  thickness,  consists  of  compact  earthy  limestones. 

The  Trenton  limestones  in  the  counties  bordering  the  Cumberland 
River,  if  the  present  local  scarcit}'  of  fuel  is  not  prohibitive,  are  par- 
ticularly promising  materials.  Coal  was  formerly  boated  down  from 
eastern  Kentucky  mines,  and  these  shipments  might  be  resumed  if 
there  was  sufficient  reason.  At  present  only  points  in  the  vicinity  of 
Nashville  and  Carthage  have  access  to  coal  brought  in  by  milroads. 
At  both  of  these  places,  however,  there  is  such  a  variety  of  limestone 
and  shales  that  it  Ls  scarcely  to  be  doubted  that  abundant  materials 
affbrding  the  proper  mixture  are  available  at  either. 

LeipevH  formation, — This  formation  consists,  as  a  rule,  of  interbedded 
shalesand  apparently"  nonmagnesian,  thin,  knott}'  limestones.  It  varies 
considerably  in  composition  from  place  to  place,  and  even  in  the  same 
outcrop,  and  on  this  account  is  not  deemed  so  promising  as  most  of 
the  underlying  Trenton  and  Stones  River  formations.  The  Leipers 
outcrops  chiefly  in  the  slopes  of  the  highland  rim.  Stratigraphically 
it  is  equivalent  to  the  formation  in  the  hills  about  Cincinnati,  Ohio. 

SILURIAN   LIMESTONES. 

The  Silurian  rocks  of  Tennessee  embrace  three  limestone  formations 
containing  beds  sufficiently  low  in  magnesia  \o  be  considered  available 
as  Portland  cement  materials,  viz,  the  Clifton  limestone  (Niagara), 
the  Linden  limestone  (Helderberg)  of  middle  and  western  Tennessee, 
and  the  Sneedville  or  Hancock  limestone  (Helderberg)  of  northeastern 
Tennessee.  The  Clifton  and  Linden  limestones  outcrop  chiefly  along 
the  Tennessee  River,  and  both,  the  Linden  especially,  contain  inter- 
stratified  beds  of  shale.  Locallv,  the  Clifton  contains  beds  that  are 
more  or  less  highly  argillaceous.  These  argillaceous  limestones  occur 
principally  in  the  lower  part  of  the  formation.  Locally,  as  in  the 
bluffs  opposite  Centerville,  in  Hickman  County,  they  may  afford 
material  suitable  for  so-called  natural  Portland  cements. 

MISSISSIPPI  AN   LIMESTONES. 

Nonmagnesian  limestones  occur  in  three  Mississippian  formations  in 
Tennessee.  The  lowest  of  these  is  the  Tullahoma  formation,  in  which 
the  limestones  are  prevailingly  ver}'  siliceous  and  cherty,  and  for  this 

a  Geologic  Atlaa  U.  S.,  folio  95,  U.  8.  Qeol.  Survey,  1908,  pp.  1-2. 
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reason  probably  not  of  imixjrtance  in  this  connection.  The  principal 
outcrops  of  the  Tullahonia  form  the  barrens  of  the  highland  rim  and 
occur  in  the  counties  immediately  surrounding  the  central  basin. 

The  next  division  is  the  St.  Louis  limestone.  This  formation  covers 
the  higher  points  of  the  highland  rim  and  forms  the  surface  rock  over 
a  wide  belt  of  country  along  the  western  base  of  the  Cumberland 
table-land.  Livingston,  Sparta,  Oookeville,  and  McMinnville  are 
among  the  towns  located  on  this  belt.  Another  large  outcrop  covers 
the  greater  parts  of  Robertson,  Montgomery,  and  Stewart  counties, 
which  adjoin  counties  in  southwestern  Kentucky  in  which  the  same 
formation  prevails.  The  St.  Ijouis  limestone  is  from  200  to  300  feet 
thick  and  consists  mainly  of  gray  and  blue,  thick- bedded,  cherty  lime- 
stone. Near  its  base,  however,  especially  in  Montgomery  County, 
the  formation  often  includes  many  beds  of  high-grade  limestone. 
Where  such  beds  occur  they  are  sometimes  underlain  by  oolitic  and 
semioolitic  limestone  regarded  as  of  the  same  age  as  the  Spergen 
limestone  of  Indiana. 

In  Tennessee  the  Chester  group  consists  largely  of  limestone,  which, 
as  it  rests  directly  upon  the  St.  Louis  limestone,  has  been  described 
together  with  that  formation  by  Hayes  and  others  as  a  single  formation 
under  the  name  Bangor  limestone.  In  his  reports  Stafford  usually 
refers  to  the  Chester  as  the  ''Mountain  limestone." 

The  Chester  is  limited  to  the  eastern  half  of  the  State.  It  forms 
the  base  or  part  of  the  slopes  of  the  Cumberland  table-land  on  all  its 
sides.  Interbedded  with  the  limestone  are  numerous  beds  of  often 
highly-colored  shales  and  several  comparatively  unimportant  sand- 
stones. The  shales  grow  relatively  more  abundant  toward  the  top 
of  the  formation. 

'    POBTLAND-CT5MEXT  RESOURCES  OF  TEXAS. 

By  J.  A.  Tafp. 
PORTLAND-CEMENT  MATERIALS. 

A  number  of  limestone  formations  occur  in  the  Carboniferous  and 
older  Paleozoic  rocks  in  north-central  Texas  and  in  the  Trans  Pecos 
region,  and  a  limestone  has  also  been  located  near  the  base  of  the 
Tertiary  in  Limestone  Count}\  These  limestones  may  prove  to  have 
compositions  adapted  to  the  production  of  certain  classes  of  cement, 
but  the  constituents  have  not  i)een  determined. 

Of  the  many  limestone  formations  in  the  geological  column  of  Texas 
those  of  widest  extent  and  greatest  purity  and  therefore  those  best 
adapted  for  use  in  making  Portland  cement  are  of  Cretaceous  age. 

The  Cretaceous  of  Texas  occurs  in  a  wide  belt  of  country,  extending 
across  the  central  part  of  the  State  in  a  north-south  direction  from 
Red  River  to  the  Rio  Grande.     It  makes  the  most  fertile  lands  in  the 
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most  densely  populated  portion  of  the  Stat^.  The  cities  of  Sherman, 
Dallas,  Fort  Worth,  Waco,  Austin,  and  San  Antonio  are  located  upon  it. 
Facilities  of  transportation  are  ample,  for  railroads  extend  from  the 
principal  cities  to  other  centers  of  population  in  the  State  and  beyond. 
Two  formations  in  the  Cretaceous  system  contain  limestone  deposits 
of  remarkable  purity  that  are  well  adapted  to  the  manufacture  of 
Portland  cement.  These  formations  are  the  Austin  chalk  and  Good- 
land  or  Comanche  limestone. 

AUSTIN   CHALK. 

The  Austin  chalk  is  situated  in  the  lower  part  of  the  Gulf  series 
(Upper  Cretaceous).  Its  exposed  ai*ea  is  shown  in  the  sketch  map 
(PI.  XIV).  From  a  point  on  Red  River  near  the  northeast  corner  of 
the  State  its  outcrop  bears  westward,  passing  near  Clarksville,  Honey- 
grove,  and  Paris,  to  Sherman.  From  Sherman  its  course  bears  south- 
westward  beneath  Dallas,  Waco,  Austin,  and  San  Antonio.  Besides 
these,  numerous  other  but  smaller  cities  are  situated  upon  it,  from 
San  Antonio  its  course  westward  paralleling  the  Southern  Pacific 
Railway  to  the  Rio  Grande  near  Del  Rio. 

The  rock  is  a  massive  white  friable  limestone  or  chalk.  Through 
several  hundred  feet  from  near  the  base  to  the  top  the  rock  varies 
from  70  per  cent  to  90  per  cent  carbonate  of  lime,  as  shown  in  the 
table  of  analysis  of  Texas  chalk.  Massive  beds  of  many  feet  in  thick- 
ness are  remarkably  uniform  in  texture  and  composition. 

Aiudyseit  of  Texas  chalk  and  marl. 


No. 

Silica, 
.SiO^.  and 
insoluble. 

5.77 
5.94 
10.32 
11.  31 
15.98 
48.02 
60.82 
23. 55 

Ferric  oxide 

and  alumina, 

FejO,  and 

AI2O3. 

2.14 
1.72 
6.56 
7.50 
8.47 
20. 95 
21.30 
1.50 

Lime.  CaO. 

Majni(?»ia 
MgO. 

0.28 

Carbonate 
of  lime,      1 
CaCOg. 

90.15 
86.67 
79.75 
76. 47. 
70.60 
24. 62 
6.51 
70.21 

Carbonate  of 

magnesia 

MgCOa- 

1 

2 

50.45 
48.73 
45.  30  . 
42.61 
38.86 
14.  26 
3.66 
39.  32 

0.58 

3 :. 

4 

» 

5 

6 

7 

8 



.28 

.58 

1.  Fresh  rock  from  quarry,  average  material  iLsed  in  tlie  manufacture  of  cement,  Alamo  Cement 
Works,  3  miles  north  of  San  Antonio,  Tex. 

2.  Brushy  t'reek,  Williams  County,  Tex.,  100  feet  al>ove  base  of  chalk. 
8.  Brushy  Creek,  Williams  County.  Tex.,  middle  part  of  chalk. 

4.  Brushy  Creek.  Williams  County.  Tex.,  upper  part  of  chalk. 

6.  San  Gabriel  River,  Williams  County.  Tex.,  chalk  marl  at  top  of  white  chalk.  "• 

6.  Williams  County,  Tex.,  lower  part  of  blue  marl  a)M)ve  the  white  chalk. 

7.  Williams  County,  Tex.,  Kreensand  marl,  central  part  above  blue  marl, 

8.  Average  fresh  rock  from  quarry,  Texas  Portland  ('ement  Works.  '.\  miles  west  of  Dallas,  Tex., 
lower  20  feet  of  white  chalk. 

Near  Red  River,  east  of  Sherman,  the  chalk  probably  does  not  exceed 
400  feet  in  thickness  and  it  is  interbedded  with  chalk  marls.  Here, 
however,  there  are  thick  beds  of  nearly  pure  chalk.     Between  Sher- 


,.,ta™ 


ETKBL.]  TEXAS.  809 

ft 

man  and  Austin  the  formation  is  approximately  600  feet  thick,  and  is 
generally  uniform  in  texture  and  composition.  From  Austin  south- 
westward  the  chalk  probably  increases  in  thickness,  but  it  is  broken 
and  in  part  concealed  by  faulting. 

The  chalk  has  clay  marls  in  contiict  both  above  and  below.  It 
grades  upward  into  chalk  marl,  whi(^h  in  turn  is  followed  by  limy 
clay,  bringing  into  close  relations  all  of  the  elements  essential  to  the 
production  of  Portland  cement. 

The  Austin  chalk  is  structurally  well  situated  for  quarrying.  East 
of  Sherman  it  is  inclined  southward  and  south  of  Sherman  southeast- 
ward at  approximately  40  feet  per  mile. 

GOODLAND   LIMESTONE. 

The  Goodland  limestone  is  near  the  middle  of  the  Comanche  (Lower 
Cretaceous)  series  in  Texas  and  southern  Indian  Territory.  It  is  situ- 
ated west  of  and  generally  parallel  with  the  outcrop  of  the  Austin 
chalk.  It  crops  out  in  southern  Indian  Territory  east  of  Ardmore. 
Near  Ardmore  the  outcrop  turns  southward,  crossing  into  Texas  in 
Cooke  County.  It  occurs  in  large  areas  in  Wise,  Parker,  Hood,  Erath, 
Bosque,  Hamilton,  Coryell,  Lampasas,  Burnet,  Blanco,  Kendall,  Comal, 
and  Bexar  counties.  Still  larger  areas  are  exposed  in  the  Edwards 
Plateau  west  of  San  Antonio. 

In  Indian  Territor}'^  and  in  Texas  north  of  the  Brazos  River  Valley 
the  formation  is  a  massive,  semicrystalline  white  limestone  30  to  50  feet 
thick.  From  Brazos  River  Valley  southward  it  gradually  increases 
in  thickness,  reaching  300  feet  on  Colorado  River.  In  this  central 
Texas  region  the  formation  divides  into  two  parts.  The  lower  part 
consists  of  a  massive  white  chalky  limestone  nearly  100  feet  thick. 
This  member  has  been  described  in  Texas  and  United  States  Geologi- 
cal Survey  reports  as  the  Comanche  Peak  limestone.  The  upper 
member,  which  has  been  described  as  the  Edwards  limestone,  consists 
of  thick  beds  of  nearly  pure  chalky  and  siliceous  limestone  beds  alter- 
nately stratified.  They  contain  quantities  of  nodular  and  almost  pure 
flints.  The  flints  occur  in  both  classes  of  rock,  but  are  rather  more 
abundant  in  the  pure  limestones.  Near  Austin  and  elsewhere  in  the 
central  part  of  the  State  these  purer  limestones  are  manufactured  into 
a  high  grade  of  white  lime. 

The  Goodland  limestone  aftd  its  southern  equivalents  are  found  cap- 
ping escarpments  overlooking  the  timbered  lands  of  the  Trinity  sands 
in  northern  Texa,s  and  Indian  Territory.  In  central  Texas  these  lime- 
stones occur  in  a  region  of  strongly  incised  drainage  channels,  and 
cap  local  table  lands  in  the  western  part  of  their  area  of  outcrop  and 
occur  in  escarpments,  bluffs,  and  low  lands  in  the  eastern  part. 

Like  the  Austin  chalk,  the  Goodland  limestone  lies  almost  flat,  being 
inclined  at  low  angles  toward  the  south  in  Indian  Territory  and 
toward  the  east  and  southeast  in  Texas. 
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Three  cement  mills  have  been  started  in  Texas,  located  at  Austin, 
Dalhus,  and  San  Antonio,  respectively.  All  of  these  mills  have  set 
limestone  from  the  Cretaceous  beds.  The  Austin  plant  has  been  shut 
down  for  some  time;  the  Dallas  plant  has  recently  been  purchased  by 
i,he  lola  Portland  Cement  Company  of  Kansas. 

PORTI.AND-CEMKXT  RESOURCES  OF  UTAH. 

Limestones,  usually  low  in  magnesium  carbonate,  occur  at  many 
points  in  the  Wahsatch  Mountain  area  in  Utah.  Most  of  these  lime- 
stones are  of  Carboniferous  age.  Frequently  they  contain  so  much 
clayey  matter  as  to  fall  below  75  per  cent  in  lime  carbonate,  in  which 
case  they  are  to  be  regarded  as  approaching  the  Lehigh  cement  rock 
(see  Pennsylvania)  in  composition.  A  rock  of  this  type  would  require 
the  addition  of  a  purer  limestone  in  order  to  bring  it  up  to  the  proper 
percentage  of  lime  for  a  Portland-cement  mixture. 

In  the  Plateau  district  softer  limestones,  of  Eocene  and  later  age, 
occur. 

Analynes  of  limestones  from  Utah. 


Silica  (SiO,) '  0.57 

Alumina  ( AljO,) n.  d. 

Iron  oxide  ( Fe,Os ) 90 

Lime  (CaO) ,55.22 

Magnesia  (MgO)......  I    .41 

Alkalies  (KA  Na,0)  .1  n.  d. 
Sulphur trioxide(?S()3).'  n.  d. 
Carbon  dioxide  (C()„).  43.  84 

Water i  n.  d. 
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1                        1 
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52. 34 
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43.23  142.49  |51.33 

38.  94 

.91 

.60 
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1     .29 

2.18     8.50 
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n.  d. 

n.  d. 

n.  d. 

1  n.  d. 

!  n.  d. 

n.  d. 

.63 
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n.  d. 

n.  d. 

n.  d. 

1  n.  d. 

n.  d. 

.89 

.53 

35.  40 

41.78 

42.88 

'31.69 

36.  20 

n.  d. 

41.07 

29.57 

n.  d. 

n.  d. 

.22 

.25 

1.17 

n.  d. 

.83 

1.67 

1 

!•••••■ 

.27 

2.96 

1.  Ciirbonifen)Us  limestone.  Mammnih  Peak.  Tintic  district,  Niiioteeutli  Ann.  Rept.  V.  S.  (ieol.  Sur- 
vey, pt.  2,  p.  025. 

2.  C'arboiiiferous  liraeHtone,  Sionx  l*eak.  Tintic  district,  Nineteenth  Ann.  Kept.  V.  S.  Geol.  Survev, 
pt.  2.  p.  62<}. 

3.  ('arboniferouH  limestone,  Eureka  I'eak,  Tintic  district.  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey, 
pt.  2.  p.  62a. 

4.  (^arlMiniferous  limestone  head  of  Mill  Canyon:  B.  E.  Bre\v.ster,  analyst.    RepL  Fortieth  Parallel 
Survey,  vol.  2,  p.  376. 

5.  ('arboniferous  limestone,  Ute  Peak:  B.  E.  Brewster,  analyi<t.    Rei»t.  Fortieth  Parallel  Sur>'ey.  voL 
2,  p.  28S. 

6.  .Silurian  (?)  limestone,  base  of  Ute  Peak:  B.  E.  Brewster,  analyst.    Rept.  Fortieth  Parallel  Sui 
vey.  vol.  2,  p.  411. 

7.  Eocene  lime.^tone,  Manti:  Geo.  Steiger.  analvKt. 

8.  Oolitic  sand,  shores  (»f  S»ilt  Uike:  T.  M.  Chaiard.  analyst.    Bull.  I'.  S.  Geol.  S\ir\'ey  No.  27,  p.  C9. 

9.  Calcareous  adobe  wjil,  Salt  Lake  City:  L.  G.  Eakin.<4,  analyst.    Bull.  V.  S.  Geol.  Survey,  No.  64. 
p.  51. 

One  cement  plant  is  at  present  in  operation  in  Utah.  This  is  the 
mill  of  the  Portland  Cement  Company  of  Utah,  located  in  Salt  Lake 
City.  The  quarr}'  from  which  the  raw  materials  are  obtained  is  in 
Parleys  Canyon,  several  miles  southeast  of  the  cit\\     Two  types  of 
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limestone  are  obtained  here,  one  a  cement  rock,  high  in  clayey  matter, 
the  other  a  relatively  pure  limestone.  These  arc  mixed  in  proper 
proportion  for  Portland  cement. 

Aruilysea  of  Portland  renient  maleriaU  vmcL  in  Salt  Lake  C'Uy^  Utah. 


High-IiiQe  rock. 


Low-lime  mck. 


SilicA  (SiO,) 4.70         6.8 

Alumina  ( Al^Og) 1.  73   ^ 

Iron  Oxide  (FejOs) ,      1.42   / 

50. 96       50. 3 


Lime(CaO) 

Magnesia  (MgO) 
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18.90 
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36. /4 
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21.2 

8.0 

35.2 
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PORTIiAXD  CEMKNT  RESOURCES  OF  VERMONT. 

Vermont,  unlike  the  other  New  England  States,  contains  extensive 
and  important  deposits  of  nonmagnesian  limestones  and  marbles. 
These  deposits  are  worked  at  present  for  building  stone  and  lime 
burning. 

The  limestones  quarried  in  Vermont  fall  into  two  distinct  groups. 
The  first  group  contains  the  crystalline  limestones  (marbles),  worked 
extensively  in  the  vicinity  of  Rutland,  West  Rutland,  Dorset,  and 
Brandon.  The  material  obtained  in  this  area  is  well  known  commer- 
cially as  the  '^Vermont  marble."  The  second  group  of  limestones 
includes  those  quarried  in  northwestern  Vermont,  the  principal  work- 
ings being  near  Swanton,  Highgate  Springs,  Winooski,  and  Leicester 
Junction.  These  limestones  are  mostly  of  Ordovician  age  (Chazy 
and  Trenton),  are  not  markedly  crystalline,  and  commonly  range  in 
color  from  dark  gray  or  blue  to  almost  black. 

Both  types — the  marbles  and  the  black  limestones — are  usually  very 
low  in  magnesia,  as  may  be  seen  from  the  analyses  below. 

Analyses  of  Vennont  limestones. 


o.as 


}• 


20 


{•; 


05 


Silica  (SiOj) 0.:^ 

Alumina  (Al^Oa)  . .. 
Iron  oxide  (FeaO^)  . 
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1,  2.  Proctor,  Rutland  County.    Seventeenth  Ann.  Rept.  V.  S.  Geol.  Survey,  pt.  3.  p.  809. 
3.  Columbian  Ma 
Survey,  pt.  6,  p.  447 


3.  Columbian  Marble  Company,  Proctor.     PenfieUl,  analyst.     Twentieth  Ann. 


p.  809, 
Kept. 


T^  S.  Geol. 


4.  Felton  Quarry,  liigh^^ate  Springs.  S.  P.  Sharpies,  analyst.  Twentieth  Ann.  Rept.  U.  S.  Geol. 
Survey,  pt.  C,  p.  456. 

6.  f»,  7.  Vermont  Marble  Company,  West  Rutland.  Seventeenth  Ann.  Rept.  V.  S.  Gct^l.  Survey,  pt.  3, 
p.  808. 

8,  9.  Vennont  Marble  Company,  West  Rutland.  J.  N.  Harris,  analyst.  Seventeenth  Ann.  Rept.  U.S 
Geol.  Sun'ey,  pt.  3,  p.  808. 
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So  far  as  composition  is  concerned,  both  the  marbles  and  the  ordi- 
nary limestones  are  well  suited  for  use  as  Portland  cement  materials. 
Fuel,  however,  is  expensive;  there  are  no  good  local  markets  for 
cement  and  ciement  products,  and  satisfactory  clays  are  rather  difficult 
to  obtain.  Commercial  conditions,  therefore,  seem  to  rule  these  other- 
wise excellent  Vermont  limestones  out  of  consideration.  If  conditions 
were  different,  a  flourishing  Portland-cement  industr^^  might  be  estab- 
lished^ as  a  cement  plant  could  utilize  the  enormous  amount  of  waste 
material  from  the  marble  quarries. 

PORTLiAXb  CEMENT  RESOITKCE8  OF  VIRGINIA. 

By  R.  8.  Basslkr. 
PORTLAND  CEMENT  MATERIALS. 

Four  prominent  sources  of  Portland  cement  material  appear  in  Vir- 
ginia.    Listed  in  geologic  order,  these  are: 

4.  Tertiary  soft  limestones  ("marls'*). 
3.  Greenbrier  (Lower  Carboniferous)  limestone. 
2.  Lewistown  (I..ower  Helderberg)  limestone. 
L  Ordovician  (Trenton,  etc.)  limestones. 

The  Tertiarj'  limestones,  often  called  "marls,"  but  entirely  different 
from  the  fresh-water  marls  of  northern  SUites,  occur  in  eastern  or 
tidewater  Virginia.  At  present  their  distribution  and  composition  are 
not  sufficiently  known  to  justify  discussion.  The  remaining  three 
groups  occur  in  western  Virginia,  in  the  Great  Valley  and  its  foothills. 
Of  these  three  the  Lewistown  limestone  is  now  used  in  Portland 
cctnent  manufacture  at  Craigsville,  while  the  Greenbrier  limestone 
will  probably  be  au  important  source  of  cement  material  in  south- 
western Virginia.  The  general  distribution  of  both  these  formations  is 
shown  in  the  accompanying  map  (PI.  XV),  but  little  is  known  concern- 
ing the  details  of  their  composition  and  local  distribution.'  With 
regai*d  to  the  fourth  and  most  important  group — the  Ordovician  lime- 
stone— the  case  is  different,  for  a  very  careful  examination  has  been 
made  of  the  Trenton  and  other  Ordovician  limestones  in  the  vallev  of 
Virginia. 

For  many  years  the  argillaceous  Trenton  limestones  of  the  Lehigh 
district  of  Pennsylvania  have  furnished  the  raw  material  for  the  manu- 
facture of  the  greater  part  of  the  Portland  cement  output  of  the 
United  States.  Because  of  tliis  enormous  output  the  argillaceous 
limestones  of  this  relatively  small  district  have  assumed  a  great  eco- 
nomic importance,  and  the  occurrence  of  the  same  rock  in  other  sec- 
tions of  the  country  is  not  without  considerable  interest. 

In  the  early  part  of  the  field  season  of  1904  the  writer  spent  six 
weeks  in  the  Lehigh  and  Lebanon  valleys  of  Pennsylvania  in  a  general 
study  of  the  paleontology  and  stratigraphy  of  the  Ordovician  strata, 
but  particularly  in  mapping  the  distribution  of  the  Trenton  limestone 
or  cement  rock.     Later  in  the  season  about  three  weeks  were  devoted 
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to  similar  work  in  the  southern  half  of  the  Valley  of  Virginia.  The 
following  preliminary  report  is  based  largely  upon  this  later  field 
work,  but  in  its  preparation  free  use  has  been  made  of  the  Staunton 
folio"  by  N.  H.  Darton,  and  of  an  artirlo  by  Charles  Catlett,  entitled 
** Cement  Resources  of  the  Valley  of  Virginia.'"*  Acknowledgments 
are  also  due  to  Prof.  H.  D.  Campbell,  of  Washington  and  Lee  Uni- 
versity, for  the  use  of  manuscript  geologic  maps  prepared  by  him, 
covering  the  region  about  Lexington  and  Natural  Bridge,  Va.  Mr. 
Catlett  has  also  kindly  allowed  the  writer  to  make  use  of  notes  and 
preliminary  analyses  made  by  him  of  the  rocks  in  the  vicinity  of 
Harrisonburg  and  Staunton,  Va. 

A  somewhat  more  detailed  report,  with  maps,  by  the  present  writer, 
will  l)e  found  in  Bulletin  U.  S.  Geol.  Survey  No.  260.  During  the 
season  of  1905  further  investigations  will  be  made  in  the  field,  in 
cooperation  with  the  Virginia  Geological  Survey,  and  a  complete 
report  on  the  cement  resources  of  Virginia  will  be  published  at  the 
close  of  this  field  work. 

In  the  present  report  only  that  part  of  the  valley  lying  between 
Woodstock,  in  Shenandoah  County,  on  the  north,  and  Natural  Bridge, 
in  Rockbridge  County,  on  the  south,  is  considered. 

The  raw  materials  occurring  in  the  valley  of  Virginia  that  are  suit- 
able for  the  manufacture  of  cement  are  argillaceous  limestones,  pure 
limestones,  shales,  and  calcareous  marls.  Of  these  the  more  impor- 
tant are  the  argillaceous  and  pure  limestones. 

The  principal  rock  formations  in  the  Valley  of  Virginia  are  a  great 
series  of  limestones  termed  the  Shenandoah  limestone  and  a  series  of 
shales  named  the  Martinsburg  shales.  In  general  the  entire  valley  is 
underlain  by  the  Shenandoah  limestone,  while  the  shales  usually  out- 
crop along  the  base  of  the  mountains  bounding  it.  Both  of  these 
formations  yield  an  abundance  of  the  raw  materials  required  in  the 
manufacture  of  Portland  cement. 

SHENANDOAH   LIMESTONE. 

i 

This  is  a  very  great,  thick  formation,  composed  of  several  members. 
The  chemical  composition  of  its  several  divisions  varies  greatly.  Some 
of  the  limestones  are  highly  magnesian;  others  are  almost  pure  cal- 
cium carlwnate;  while  one  group  contains  a  considerable  amount  of 
clayey  material.  In  the  Shenandoah  limestone  four  divisions  may  be 
recognized,  based  on  character  of  the  rock  and  its  fossils.  These, 
named  in  ascending  order,  are  as  follows:  (1)  A  series  of  dolomitic 
limestones  from  1,000  to  2,000  feet  thick,  of  Cambrian  age;  (2)  300  or 
more  feet  of  chertv  limestone  bearing  fossils  of  Beekmantown  (Cal- 
ciferous)  age;  (3)  (30  to  100  feet  of  a  coarsely  crystalline  light-colored 
highly  fossiliferous  limestone,  and  (4)  200  to  350  feet  of  dark-colored 

flCJeologie  Atla«.  U.  8.,  folio  14.  V.  8.  (Jeol.  Survey.  1S94. 
6 Bull.  U.  8.  GfOl.  Survey  No.  225,  1904.  pp.  457-461. 
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argillaceous  limestone,  the  Trenton  cement  rock.  Members  1  and  2 
are  apparently  uniformly  developed  throughout  the  valley,  but  3  and 
4,  although  widely  distributed,  are  sometimes  absent. 

CAMBRIAN    LIMESTONES. 

On  account  of  the  lack  of  continuous  exposures  and  the  difficulties 
in  distinguishing  the  various  beds  the  thickness  of  this  division  has 
not  been  definitely  ascertained,  but  it  is  certainly  not  less  than  1,000 
and  maj^  exceed  2,000  feet.  Fossils  are  practically  absent  in  these 
rocks  in  this  part  of  the  valley,  but  farther  north,  notably  at  several 
localities  in  Pennsylvania  and  New  Jersey,  a  sufficient  number  of 
determinative  fossils  have  been  found  to  indicate  that  probably  the 
entire  division  is  of  Upper  Cambrian  age.  These  limestones  are 
underlain  bv  a  quartzite  containing  Lower  Cambrian  fossils,  so  that 
although  the  two  formations  are  apparently  conformable  there  is  a 
great  time  break  between  them. 

These  Cambrian  limestones  are  massive  bedded,  vary  from  dark 
gray  to  light  gray  or  light  blue  in  color,  and  are  nearl}^  always  highly 
magnesian  in  composition.  Toward  the  base  purple  or  silvery  shales 
are  sometimes  seen,  but  as  a  rule  the  entire  formation  is  one  of  heavily 
bedded  magnesian  limestones. 

On  account  of  the  high  percentage  of  magnesia  these  limestones  are 
of  no  value  for  the  manufacture  of  Portland  cement,  but  their  compo- 
sition does  not  preclude  their  use  in  making  natural  cement.  At  the 
plant  at  Glasgow,  in  Rockbridge  Coui^ty,  natural  cement  has  been 
bunied  for  many  years  from  the  magnesian  limestones  of  the  lower 
part  of  this  division.  Cement  from  this  plant  was  used  in  building 
the  locks  of  the  James  River  and  Kanawha  Canal. 

Occasionally,  however,  strata  of  pure  nonmagnesian  limestone  are 
interbedded  with  the  more  typical  magnesian  rock,  and  it  is  these 
strata  that  will  prove  valuable  in  Portland-cement  manufacture.  Such 
stmta  have  been  observed  in  various  paits  of  the  valley,  but  their 
outcrops  are  more  or  less  scattered.  On  account  of  this  fact  and  of 
the  geologic  structure  of  the  entire  formation  and  the  small  per  cent 
the  pure  limestones  contained  in  it,  these  nonmagnesian  strata  can  not 
be  definitely  mapped  and  must  be  determined  in  the  field.  In  New 
Jersey  and  Pennsylvania  there  is  the  same  arrangement  of  a  few  strata 
of  nonmagnesian  limestone  with  a  great  series  of  dolomite,  and  the 
former  is  the  source  of  part  of  the  limestone  used  in  the  Lehigh  district 
to  bring  to  the  cement  rock  the  required  percentage  of  calcium  car- 
bonate. Near  Annville,  Pa.,  these  nonmagnesian  limestones  occur 
in  greater  quantities  than  usual,  and  here  much  of  this  limestone  is 
quarried  for  shipment  to  cement  plants. 

BEEKMANTOWN    LIMESTONE. 

The  Cambrian  dolomitic  limestones  grade  upward  imperceptibly  into 
another  series  of  strata  that  have  essentially  the  same  chemical  composi- 
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tion,  but  differ  in  that  exten.sivo  layers  of  chert  are  interbedded  with  the 
usual  doloinit(^H.  The  areas  oceupied  l)y  this  division  may  usually'  he 
recognized  by  their  topoj^raphic  features,  for  the  cherts  give  rise  to 
conspicuous  hills  or  ridges.  Chestnut  Kidge,  Sugar  Loaf,  and  Bet- 
se}'  Bell  are  examples  of  this  topography  in  the  vieinit}'  of  Staunton, 
hut  similar  ridges  and  knolls  are  encountered  throughout  the  valley. 
The  Beekmantown  age  of  this  series  has  been  determined  from  gas- 
teropod  and  cephalopod  remains  found  at  various  points  in  the  val- 
ley, particularly  in  the  vicinity  of  L?.xington,  Va.  On  a(^count  of  this 
gradual  passage  of  the  Caml)rian  into  the  Beekmantown,  the  determi- 
nation of  the  thickness  of  the  latter  division  is  difficult.  However, 
the  characteristic  fossils  have  been  found  300  to  400  feet  below  the 
top  of  the  cherty  layer's,  so  that  their  thickness  is  not  less  than  the 
figures  mentioned.  The  difficulty  of  separating  these  two  divisions 
without  evidence  furnished  by  fossils  is  in  accordance  with  a  fact 
that  has  often  been  noted,  namely,  that  wherever  both  are  made  up 
of  limestone  sedimentation  has  apparent!}'  continued  through  Upper 
Cambrian  and  Beekmantown  times  without  interruption. 

Usually  no  important  pure  limestone  layers  have  been  noticed  in 
this  division,  and  for  this  reason,  as  well  as  for  the  reason  that  the 
topograph}'  often  accompanying  its  exposures  is  unfavomble  to  quar- 
rying, the  rocks  of  this  age  are  of  little  value  as  a  source  of  Portland- 
cement  rock.  In  a.  few  instances,  however,  lenses  of  comparatively 
pure  limestone  have  been  found  in  this  formation  as  well  as  in  the 
underlying  Cambrian.  The  following  analysis  of  a  sample  of  this  rock 
from  the  vicinity  of  Staunton  is  typical: 

Analysis  of  pure  limestone  from  vicinity  of  Stnunlony  Va. 

[Charles  Catlett,  analyst.] 

Silica  (SiOa) 179 

Alumina  (Al./)^) \ 


}■- 


Iron  Qxiile  (FcjO,) 

Lime(CaO)  rjO.36 

Magnesia  (MgO) 1.79 

Carbon  dioxide  (COj) 41. 36 

Alkalis,  etc 3.97 

TRENTON   LIMESrroXER. 

Under  this  general  name  two  distinct  series  of  limestones  are  here 
recognized,  the  older  being  a  coarsely  crystalline  highly  fossiliferous 
rock  and  the  younger  the  well-known  black  argillaceous  limestones  or 
cement  rock.  The  first  series  is  well  developed  in  the  area  south  of 
Staunton,  where  it  varies  from  60  to  100  feet  in  thickness,  while  north 
of  Staunton  it  is  apparently  missing  altogether,  for  here  only  the 
cement  rocks  occupy  the  interval  between  the  Beekmantown  lime 
stones  and  Martinsburg  shales.  At  first  sight  these  two  would  apjwar 
•to  be  but  phases  of  one  and  the  same  formation,  but  this  idea  is  dis- 
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proved  by  the  development  of  both  series  in  the  vicinity  of  Lexington, 
Va.  Fossils  are  abundant  throughout  both  series,  the  first  often  being 
crowded  with  ramose  bryozoa  and  masses  of  Soltmopora^  while  bi^achio- 
pods,  ostracods,  and  trilobites  of  Trenton  age  predominate  in  the 
second.  Although  samples  of  the  coarsely  crystalline  limestones  run 
high  in  lime,  the  strata  as  a  whole  contain  so  much  chert  that  they  are 
of  little  value  for  mixture  with  the  cement  rock. 

Character  of  cement  rock  in  valley, — The  youngest  member  of  the 
Shenandoah  limestone,  the  argillaceous  Trenton,  or  "cement  rock," 
usually  resembles  the  corresponding  strata  in  the  Lehigh  district  more 
in  chemical  composition  than  in  physical  aspect.  In  Pennsylvania  the 
cement  rock  is  usually  a  dark-gray  or  black,  slaty  limestone,  which,  on 
account  of  the  shearing  to  which  it  has  been  subjected,  breaks  under 
the  hammei*  into  flat  pieces  with  smooth,  glistening  surfaces;  As  the 
rock  loses  its  argillaceous  character — i.  e.,  as  the  percentage  of  lime 
carbonate  in  it  increases,  it  loses  the  slaty  appearance  and  becomes  a 
light-gray  crystalline  limestone.  In  the  valley,  however,  the  meta- 
morphism  seems  not  to  have  been  so  great  and  the  aspect  of  the  lime- 
stones varies  according  to  their  composition.  For  example,  the  rocks 
of  the  formation  outcropping  near  Woodstock  are  little  more  than 
compact  hardened  strata  of  calcareous  mud  while,  on  the  other  hand, 
the  same  horizon  on  the  western  side  of  the  valley  is  occupied  by 
tough,  crystalline  dark  blue  or  black  limestones.  . 

South  of  Staunton,  especially  in  the  vicinity  of  Lexington,  the 
Trenton  strata  have  been  closely  folded  and  compressed  and  show 
considerable  metamorphism.  The  result  is  that  the  argillaceous  lime- 
stones in  that  locality  resemble  those  of  the  Lehigh  district  more  than 
at  any  other  point  in  the  valley. 

Analyses  of  these*  rocks  are  given  under  the  discussion  of  the 
localities  in  detail.  • 

General  distrilnition  of  argillaceous  Treivton  limestone. — On  account 
of  the  geologic  structure  of  the  valley,  the  argillaceous  limestones 
are  found  in  three  well-defined  belts.  Two  of  these  belts  are  formed 
by  the  outcropping  edges  of  the  syncline  that  forms  Massanutten 
Mountain,  while  the  third  follows  the  western  edge  of  the  valley. 
Exposures  of  the  easternmost  belt  are  found  at  numerous  places  along 
a  northeast-southwest  line  extending  from  a  point  about  5  miles  east 
of  Woodstock  to  Fishersville.  The  next  belt  to  the  west  parallels  this 
and  shows  many  outcrops  along  a  similar  line  from  Woodstock  to 
Staunton.  At  sevei'aj  places  along  these  lines  of  outcrop  the  argilla- 
ceous limestone  is  missing.  The  arrangement  indicated  is  most  pro- 
nounced (1)  in  the  region  just  south  of  Massanutten  Mountain,  having 
McGaheysville  on  its  eastern  edge;  and  (2)  in  the  area  south  of  Staun- 
ton, bounded  b\'  Staunton,  Barter  Brook,  and  Fishersville.  The  third 
belt  occurs  along  the  western  edge  of  the  valley  and  parallels  the  other 
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two.     Here,  however,  these  limestones  are  often  cut  out  by  the  great 
overthrust  fault  of  this  portion  of  the  valley. 

In  this  section  the  best  exposures  of  these  rocks  are  found  along 
the  eastern  edge  of  Little  North  Mountain,  especially  in  the  vicinity 
of  Dry  River  north  of  Stokesville.  The  valley  proper,  as  has  been 
remarked  before,  is  usually  occupied  by  the  dolomitic  limestones,  but 
occasionally  synclines  exposing  the  argillaceous  limestones  and  shales 
are  found.  The  most  important  of  these  from  an  economic  standpoint 
occurs  just  west  of  Harrisonburg.  In  the  region  near  Lexington  and 
Natural  Bridge  these  limestones  have  been  compressed  into  close  folds 
and  cover  much  wider  areas  than  they  occupy  in  regions  lying  farther 
north.  Among  these  wider  areas  that  in  which  Lexington  is  located 
is  most  favorably  situated  for  cement  making;  the  rest,  as  a  glance  at 
the  map  will  show,  being  too  far  away  from  railroad  facilities. 

MAKTINSBURQ   SHALE. 

The  highest  formation  in  the  valley  proper,  geologically  speaking,  is 
a  great  series  of  gray,  light  brown  or  black  shales  varying  in  thickness 
from  1,000  to  1,500  feet.  When  the  Trenton  limestones  underlie  the 
shales  the  passage  from  the  one  formation  to  the  other  is  often  so 
gradual  that  no  marked  distinction  can  be  observed.  Even  when  the 
shales  rest  upon  older  formations  than  the  Trenton  argillaceous  lime- 
stone, their  lower  beds  are  often  calcareous  and  may  include  thin  layers 
of  impure  limestone.  Although  the  calcareous  portion  of  the  shales 
may  burn  to  cement  when  mixed  with  other  materials,  it  is  probable 
that  the  main  value  of  this  series  will  be  found  in  its  noncalcareous 
portions,  which  may  be  used  for  mixture  with  high  lime  argillaceous 
rock.  The  following  analyses  show  the  composition  of  the  lower  cal- 
careous part  and  also  of  the  higher,  more  typical  shales: 

Analyses  of  Murtimburg  shades  iri  Virginia^  New  Jersey,  and  Pennsylvania. 


Silica(SiO,) 6S.62 

Alumina  (AlA) 12.68 

Iron  oxide  (Fe^Oa) |    4.20 

Lime  (CaO) 


8 

68.00 

14.40 

6.40 

2.68 


o 


Calcium  corbonate  (CaCOj)  . .     2. 34 

Magnesia  (MgO) 

Magnesium  carbonate(MgC08)     3.  76 

Alkalis I    3.73 

CarVx)n  dioxide  (CO,,) 

Water(H20) 


4.47 


1.51 


66.60 

21.00 

5.65 

3.42 


2.30 


.11 
2.30 
2.70 


.50 
2.20 
3.00 


76. 22     23. 08 


ll3. 


05 


11.08 


2. 67  I  36.  89 


.93 


19.92 
10.76 
37.05 


.94 


1.72 


19.28 

•  9.86 

36.42 


1.08 


31.70 


1.  East  Bangor,  Pa,,  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  6,  p.  436. 

2.  1  m.  nortnwest  of  ColemanviUe,  N.  J.,  Geology  New  Jersey,  1868,  p.  136. 

3.  Delaware  Water  (Jap,  N.  J.,  Geology  New  Jersey,  1868,  p,  136. 

4.  Lafavctte,  N.  J.,  Rept.  New  Jersey  State  Geol.  for  1900,  p.  74. 

5-7.  Calcareous  Martinsbuig  shale,  Staunton,  Va.  (Charles  Catlett,  analyst) 
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CALCAKEOUS  MARLS. 

Small  deposits  of  calcareous  tufa  have  been  noticed  in  various  parts 
of  the  valley,  and  these,  if  favorably  located  and  sufficiently  large, 
would  undoubtedly  be  of  much  value  in  cement  manufacture.  Of 
more  importance,  however,  are  the  deposits  of  calcareous  fresh-water 
marl  which  have  been  found  scattered  throughout  this  region.  In 
cert-ain  portions  of  Staunton,  as  has  been  noted  by  Mr.  Catlett,  the 
foundations  of  houses  are  cut  in  marl  10  to  12  feet  deep.  The  surface 
indications  of  these  marls  are  usuall}^  so  meager  that  no  estimate  of 
their  quantity  or  extent  can  be  determined  from  these  alone. 

DETAILS  OP  LOCALITIES. 

An  exploration  starting  at  Woodstock,  in  the  northernmost  part  of 
the  valley  visited,  and  ending  in  the  vicinit}^  of  Natural  Bridge,  dis- 
closed the  more  favorable  localities  showing  good  exposures  of  the 
argillaceous  limestone,  which  are  briefly  discussed  below.  In  indicating 
advantageous  sites  for  cement  plants,  the  writer  means  to  imply  simply 
that  the  cement  rock  and  pure  lime  deposits  occur  at  the  places  men- 
tioned and  that  the  transportation  and  other  necessary  facilities  are  at 
hand.  Whether  a  good  cement  can  be  made  from  the  raw  materials 
found  at  these  places  is  a  matter  which  can  be  determined  only  by 
experimentation  on  a  commercial  scale.  The  argillaceous  limestones 
in  most  instances  have  a  composition  very  similar  to  good  cement 
materials  of  other  regions,  but  this  does  not  necessarily  indicate  that 
they  also  will  make  a  first-class  cement. 

Woodstock  and  vicinity. — About  350  feet  of  argillaceous  Ti'enton 
limestones  are  exposed  just  cast  of  Woodstock,  the  town  itself  being 
situated  upon  cherty  limestones  of  Beekmantown  age.  These  lime- 
stones and  the  overlying  shales  dip  southeastward  at  an  angle  of  about 
46^.  and  lie  on  the  outcrops  of  the  western  edge  of  the  great  syncline 
forming  Massanutten  Mountain.  Practically  the  same  thickness  of 
cement  rock  is  exposed  northeast  and  southwest  of  Woodstock.  As 
this  line  of  outcrop  is  paralleled  by  the  Southern  Railroad,  which  is  at 
no  place  more  than  3  miles  distant,  numerous  sites  favorable  for 
cement  plants  are  available.  The  most  prominent  location,  however, 
is  the  immediate  vicinity  of  Woodstock,  since  here  the  cement  rocks 
outcrop  on  the  western  side  of  the  North  Fork  of  the  Shenandoah 
River.  Farther  south  the  river  flows  between  the  i-ailroad  and  the 
line  of  cement  rock  outcrop  and  would  thus  greatly  increase  the  cost 
of  a  spur  line. 

Pure  limestone  for  mixture  with  the  cement  rock  can  be  found  in 
the  immediate  vicinity,  more  probably  in  greatest  quantity  just  west 
of  the  town.  Limestone  strata,  high  in  caUiium  carbonate  and  low  in 
raagjiesia,  were  found  interbedded  with  the  dolomites  west  of  Wood- 
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stock,  and  more  extended  search  will  no  doubt  reveal  an  ample  supply 
of  such  stone. 

Good  railroad  facilities,  both  for  obtaining  the  fuel  supply  and  for 
shipping  the  finished  material,  are  found  at  this  place.  Coal  could  be 
had  from  the  north  via  the  Baltimore  and  Ohio  and  Southern  railroads, 
and  from  the  south  over  the  Chesapeake  and  Ohio,  the  Valley  Branch 
of  the  Baltimore  and  Ohio  and  the  Southern  mil  roads.  By  the  same 
railroads  the  finished  product  could  be  shipped  to  the  ejist  and  to  tide- 
water. 

Some  miles  east  of  Woodstock  this  same  succession  of  rock  is 
encountered  along  the  eastern  edge  of  Massanutten  Mountain.  The 
cement  rocks  here  occur  along  a  northeast-southwest  line  paralleling 
the  belt  along  the  western  side  of  the  mountain.  Along  this  eastern 
]>elt  the  argillaceous  limestones  have  practically  the  same  composition 
as  those  exposed  near  Woodstock. 

The  following  analysis  is  typical  for  this  eastern  belt: 

Analysis  of  Ujpmtl  limestone  near  WrtodsUx'.k. 

Calcinm  carlwnate  (CaCOa) 74. 14 

Ma^esium  carl)onat.e  ( Mj^COj) 1. 00 

Silica  (SiO,) 16.34 

Oxides  (RA) 7.49 

Water  (H,0) 2.00 

Broadwiiy  and  Timhenulle. — Cuts  along  the  Southern  Railroad  in 
the  vicinity  of  these  two  towns  show  the  presence  of  small  synclines 
of  shales  and  argillaceous  limestones  very  similar  in  texture  and  com- 
position to  the  same  rocks  found  farther  south  about  Harrisonburg. 

Ifar^risfmhurg  and  vicinity. — A  syndine  showing  the  Trenton  argil- 
laceous limestones  and  Martinsburg  shales  occurs  just  west  of  Har- 
risonburg, and  extends  northeast  and  southwest  for  a  distance  of 
several  miles.  The  cement  rock  is  especially  well  shown  along  the 
street  just  west  of  the  Southern  Ilailroad  depot,  but  exposures  of  the 
shales  and  of  the  underlying  argillaceous  rocks  may  be  seen  along  the 
country  roads  going  northwest,  west,  and  southwest  from  the  town. 
The  thickness  of  the  argillaceous  limestones  in  this  vicinity  could  not 
be  determined  with  certainty  because  of  the  lack  of  continuous  expos- 
ures, but  it  probably  does  not  fall  short  of  200  feet.  Fossils  indicating 
the  Trenton  age  of  the  strata  were  not  uncommon  in  the  rocks  shown 
along  the  western  edge  of  the  town. 

Pure  limestone  deposits  are  found  east  and  southeast  of  Harrison- 
burg in  considerable  quantity.  Exposures  of  this  rock  may  be  seen 
in  a  cut  on  the  Chesapeake  and  Western  Railroad  just  east  of  the 
crossing  with  the  Southern  Railroad.  Here  a  pure  gray  limestone  is 
found  having  a  composition  shown  in  analysis  No.  1  of  the  table  given 
below. 
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From  75  to  100  feet  of  argillaceous  limestones  and  calcareous  slates 
are  exposed  in  a  cut  on  the  ("hesapeake  and  Western  Railroad  south- 
west of  Harrisonburg  and  just  west  of  the  Southern  crossing.  Sam- 
ples from  this  cut  were  analyzed  by  Charles  Catlett,  with  the  result 
shown  in  No.  2,  below. 

About  li  miles  north  of  Harrisonburg  the  Southern  Railroad  passes 
through  a  cut  about  20  feet  high  and  400  to  600  feet  in  length,  expos- 
ing comparatively  horizontal  slaty  limestones.  Upon  analysis  this 
was  found  to  have  the  comjjosition  shown  in  No.  4. 

Analyses  of  cement  mcUericUs  in  the  vicinity  of  Harrisonburg ,  Va. 

[Charles  Catlett,  analyst.] 


Lime  oxi d e  ( CaO ) '  54 .  24 

Magnesia  (MgO) '  .60 

Oxides  ( R,0,) '  .60 

Insoluble 2. 08 


t 

3 

4 

35.79 

49.00 

38.32 

1.42 

2.36 

1.67 

3. 32 

.70 

1.58 

27.06 

7.00 

25.24 

1.  Pure  gray  limestone  from  cut  on  Cliesapoake  and  Western  K^iilroad  Just  east  of  crossing  of 
Southern  Railroad. 

2.  Calcareous  slatcw  exposed  In  cut  on  Che.<uipeake  and  Western  Railroad  just  west  of  crossing  of 
Southern  Railroad. 

3.  Dark,  friable  limestones  exposed  at  crossing  of  Chesapeake  and  Western  and  Southern  railroads 
just  south  of  Harrisonburg. 

4.  Calcareous  slates  from  cut  along  Southern  Railroad,  li  miles  north  of  Harrisonburg. 

Mmmt  Jackson  and  Neiomarket, — Numerous  exposures  of  argil- 
laceous limestones  may  be  seen  in  the  foothills  of  Short  Mountain 
several  miles  east  of  Mount  Jackson,  and  also  in  the  immediate  vicinity 
of  Newmarket.  Practically  the  same  thickness  of  rock  is  found  here 
as  that  shown  at  Woodstock  and  vicinity,  while  the  analysis  of  the 
rocks  at  both  of  these  places  indicates  that  in  chemical  composition  at 
least  they  are  similar  to  the  best  of  Lehigh  rock. 

AncUysis  of  Trenton  limestone  from  near  Mount  Jackson^  Va. 

Calcium  carbonate  (CaCOs) 70.00 

Magnesium  carbonate  (MgCO,,) 2. 00 

Silica  (8iO,) 18.20 

Oxides  (RjOj) 8.00 

Water  (H,0) 3.00 

Western  edge  of  valley  north  of  Staxmton. — Most  of  the  outcrops  of 
the  Trenton  limestones  along  the  western  edge  of  this  part  of  the 
valley  are  remote  from  milroads,  so  that  in  spite  of  the  (jxcellent  rock 
shown  at  a  number  of  places  exploitation  of  these  limestones  is  not 
possible  at  present.  Furthermore,  throughout  a  considerable  portion 
of  this  region  the  argillaceous  limestones  are  cut  out  l)y  overthrust 
faulting,  the  magnesian  limestoiios  resting  upon  the  shales  or  still 
higher  formations.     But  a  single  area  can  be  mentioned  in  which  the 
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cement  rocks  are  exposed  within  a  reasonable  distance  of  a  railroad. 
Several  miles  north  of  Stokesville,  the  terminus  of  the  Chesapeake 
and  Western  Railroad,  and  a  few  miles  south  of  Little  North  Mountain 
good  outcrops  of  the  rock  are  encountered.  These  limestones  occur 
here  in  quantity  and  quality  favorable  to  cement  making,  and  as  the 
railroads  are  near  at  hand  the  rock  will  undoubtedly  prove  to  be  of 
economic  importance.  Shales  are  available  for  mixture  with  the 
cement  rock  when  its  percentage  of  lime  is  too  high,  and  pure  lime- 
stones to  increase  this  percentage  when  necessary  are  found  in  the 
valley  just  east  of  this  point  in  sufficient  quantity,  so  that,  even  with 
the  present  facilities,  this  is  one  of  the  most  promising  cement  locali- 
ties in  the  vallev. 

The  comjK)sition  of  an  average  sample  of  this  rock  is  shown  by  the 
following  anal3^sis: 

Analy»i9  of  Trenton  limeMone  from  exposure  several  miles  north  of  Stokesville,  Va. 

CalciuLi  carbonate  (CaCOs) : 73. 14 

Magnesium  carlwnate  (MgCOg) 2. 90 

Silica  (SiOj 14.:i4 

Oxides  (RjOj,) 6.49 

Water  (H,0) 4.00 

Blount  Sidney  and  vicinity, — From  Staunton  to  Mount  Sidney  and 
thence  for  several  miles  northeastward  the  Valley  Branch  of  the  Balti- 
more and  Ohio  Railroad  either  closely  parallels  or  cuts  through  the 
belt  of  argillaceous  limestones  brought  up  on  the  western  flank  of 
the  Massanutten  Mountain  syncline.  The  same  rocks  reappear  on  the 
eastern  flank,  8  to  4  miles  distant.  The  intervening  country  is  occu- 
pied by  Martinsburg  shales,  all  of  the  younger  rocks  found  on  Massa- 
nutten Mountain  having  been  removed  by  erosion.  The  favorable 
composition  of  the  rock  and  the  proximity  of  these  two  "belts  to  mil- 
roads,  the  western  to  the  Baltimore  and  Ohio,  as  mentioned  above, 
and  the  eastern  to  the  Shenandoah  Valley  Railroad,  make  them  worthy 
of  attention.  The  following  analysis  of  specimens  from  the  eastern 
belt  in  the  vicinity  of  Weyers  Cave  shows  more  magnesia  than  the 
average. 

imdysis  of  TVniUm  limesUnie  from  near  Weyers  Cave,  Va. 

Calcium  carbonate  (CaCog) 69. 72 

Magnesium  carbonate  (MgCo^) 4. 69 

SiUca  (SiO,) 14.62 

Oxides  (RjOa) 1 6.90 

Water  (HjO)  3.94 

Staunton, — East  and  northeast  of  this  place  the  Trenton  limestones 
are  well  developed  and,  together  with  the  shales  and  pure  limestones 
near  by,  offer  abundant  raw  materials  for  the  manufacture  of  cement. 
The  railroad  facilities  at  Staunton  are  exceptionally  good,  for  a  plant 
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here  could  obtain  coal  and  ship  its  products  over  several  lines. 
Ordinarily  coal  could  be  had  on  the  most  favorable  terms  over  the 
Chesapeake  and  Ohio,  but  in  times  of  labor  disturbances  in  the  New 
River  field,  coal  could  still  be  obtained  from  tho  Fairmont  region. 
The  Trenton  limestones  in  the  vicinity  of  Staunton  as  a  rule  run 
unusually  high  in  lime,  so  that  it  will  be  necessary  to  mix  shales  or 
clays  with  them.  Unlimited  quantities  of  shales  occur  with  the  lime- 
stones, but  deposits  of  good  clays  are  not  so  couKUon.  The  shales  in 
the  lower  part  of  these  beds  are  unusually  calcareous,  as  the  following 
analyses  show,  but  those  in  the  higher  part  of  the  series  contain  only 
a  very  small  percentage  of  lime. 

AncUygis  of  shalea  in  the  mdniiy  of  Stauntonj  Va. 
[Ctaarlefl  Catlett,  analyst.] 

S 


Lime(CaO) 

Magnesia  (MgO) 

Silica  (SiO,) 

Oxides  (AlA,  Fe^Os) 
Ignition  (COa) 


1 

2 

36.87 

37.05 

.94 

1.72 

23.08 

19.92 

10. 08 

10.76 

36.42 
1.08 

19.28 
9.86 

31.70 


Z^mgton. — Lexington  is  favorably  placed  for  cement  manufacture, 
for  it  is  situated  in  the  midst  of  a  broad  area  of  argillaceous  lime- 
stones. In  this  part  of  the  valley  the  Trenton  limestones  have  been 
closely  folded  and  overturned  to  the  west,  so  that  they  show  an  extraor- 
dinary thickness.  Occasionally  the  core  of  an  anticline  or  syncline 
may  be  noted,  and  whenever  it  is  possible  to  make  accurate  measure- 
ments the  thickness  of  the  limestones  is  found  not  to  exceed  350  feet. 
This  rock  is  theoretically  of  proper  composition  to  make  a  high-grade 
Portland  cement,  but,  as  noted  by  Catlett,  it  is  a  question  whether  the 
relatively  high  ratio  of  silica  to  iron  and  alumina,  tending  to  increase 
the  refractory  character  of  the  clinker,  is  offset  by  the  finely  divided  con- 
dition and  intimate  mixing  of  the  natural  material.  The  following 
analyses  show  variations  in  the  composition  of  this  rock. 

^  Analyses  of  Trenton  HmeMone,  Jjexiiigionf  Va. 

[Charles  Catlett,  analyst.] 


Silica  (SiO,) 

Alumina  (AljOs).. 
Iron  oxide  (Fe^Oa) 

Lime(CaO) 

Magnesia  (MgO).. 
Ignition 


0.73 

I      .79 

53.71 
.83 


9.31 

3.47 

46.30 
.86 


8 

4 

6 

6 

11.86 

12.92 

17.42 

22.60 

1.76 

3.88 

4.70 

7.06 

46.64 

45: 14 

42.44 

36.72 

.74 

1.37 

1.68 

1.69 

38.  82 

37.20 

35,62 

32.52 

__   V 
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PORTLAND  CEMENT  INDUSTRY  IN  VIRGINIA. 

One  plant  is  in  operation  in  Virginia,  that  of  the  Virginia  Portland 
Cement  Company,  at  Craigsville.  The  materials  used  are  limestones 
and  shales  of  Lewistown  (lower  Helderberg)  age.  Analyses  of  these 
materials  follow,  quoted  from  the  Cement  Industry. 

Ancdijifen  of  cenieiU  maieriah  used  at  (h'aigst'Ukf  Va. 


Silica  (SiO,) 

Alumina  ( AljO,) 

Iron  Oxide  (FejOa).. 

Lime(CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO,) 
Water 


Limc- 
Htonc. 


n.  d. 

I  n.  d. 

54. 30 
.66 


I  43. 
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Shale. 


53.  6:^ 

24.47 

5.94 
1.79 

10. 03 


POBTIiAND-CEMENT  RESOURCKS  OF  WASHINGTON. 

The  geolog}^  of  the  State  of  Washington  is  not  sufficiently  well 
known  to  permit  a  very  detailed  statement  regarding  its  cement 
resources.  It  must  therefore  be  borne  in  mind  that  deposits  of  lime- 
stone available  for  Portland-cement  manufacture,  in  addition  to  those 
discussed  below,  may  exist  in  parts  of  the  State  which  have  not  been 
carefully  surveyed. 

Limestones  are  known  to  occur  in  large  quantity  in  two  widely 
separated  areas  in  Washington,  and  it  is  from  these  two  areas  that  the 
State's  principal  supplies  of  limestone  (and  marble)  for  Imilding,  lime 
burning,  and  cement  are  now  being  obtained.  The  two  areas  are:  (I) 
The  San  Juan  Islands  in  northwestern  Washington  and  (2)  Stevens 
County  in  northeastern  Washington. 

SAN   JUAN   ISLANDS. 

Large  limestone  deposits,  probably  of  Cretaceous  age,  occur  on 
various  islands  of  the  San  Juan  group,  in  the  Strait  of  Juan  de  Fuca. 
These  limestone  beds  are  surrounded  by  igneous  rocks,  by  which  the 
limestones  have  been  metamorphosed,  occurring  in  consequence  in 
the  form  of  cr^^stalline  limestone  or  marble. 

The  limestone  deposits  on  these  islands  vary  greatly  in  size.  The 
largest  bed  known  is  that  of  the  Roche  Harbor  Lime  Works,  on  San 
Juan  Island.     This  extends  "*  all  the  way  across  the  peninsula  from 


a  Ann.  Kept.  Wt4^shingon  Geol.  Survey  for  1901,  pt.  3,  p.  25, 
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Roche  Harbor  to  Westcott  Bay,  a  distance  of  half  a  mile.  The  width 
of  the  belt,  as  exposed  at  the  outcrop,  is  850  feet,  and  its  average  thick- 
ness a)>ove  water  level  is  250  feet.  This  deposit  is  now  extensively 
worked,  the  product  being  used  both  for  lime  burning  and  for  smelter 
flux.     An  analysis'*  of  the  limestone  gave  the  following  result: 

Afmlym  of  limesUxne^  Boche  Harbor  Lime  Works  quarry. 

Silu»(SiO,) 0.25 

Alumina  ( AljOj) 'i 

Iron  oxide  (FeA) / 

Lime  carbonate  (GaCOa) 98.85 

Other  smaller  deposits  of  limestone  occur  on  various  islands  of  the 
San  Juan  grouj).  One  of  these  deposits,  located  on  the  west  coast  of 
San  Juan  Island,  about  7i  miles  from  Friday  Harbor,  now  supplies 
material  for  a  2-kiln  lime  plant.  On  Orciis  Island,  near  East  Sound 
and  Deer  Harbor,  similar  deposits  exist,  and  several  are  being  worked, 
the  product  being  burned  into  lime  by  two  1-kiln  lime  plants. 

NORTHEASTERN   WASHINGTON. 

The  Okanogan  Highlands  of  northcustern  Washington  are  largely 
made  up  of  a  series  of  crystalline  rocks,  most  of  which  are  of  unknown 
age  and  origin.  At  various  points  in  this  crystalline  area,  particularly 
in  portions  of  Stevens  County,  deposits  of  crystiilline  limestone  or 
marble  occur.  The  age  of  these  limestones  is  not  certainl}'  known, 
but  it  is  supposed  that  they  are,  in  part  at  least,  Carboniferous. 

A  number  of  these  deposits  have  been  worked  as  marble  quarries, 
and  a  considerable  amount  of  beautiful  material  is  annuallv  obtained 
from  them.  The  deposits  are  of  e(|ual,  or  perhaps  even  of  greater, 
value  as  sources  of  Portland-cement  material,  for  rocks  that  are  too 
much  jointed  and  seamed  to  furnish  decorative  stone,  or  are  of  unsat- 
isfactory color,  will  be  available  for  cement  plants. 

Some  of  these  rocks  carry  a  high  percentage  of  magnesium  car- 
bonate or  else  contain  a  large  proportion  of  various  silicate  minerals. 
These  are,  of  course,  worthless  as  cement  materials.  A  large  propor- 
tion of  them  are,  however,  very  low  in  magnesia,  and  can  be  consid- 
ered available  for  Portland-cement  material.  A  few  of  them,  accord- 
ing to  reports,  carry  a  large  percentage  of  argillaceous  matter,  thus 
approaching  in  composition  the  Lehigh  "cement  rock"  of  Pennsyl- 
vania and  New  Jersey. 

a  Ann.  Rcpl.  Wa.shingtoii  Gcol.  Survey  for  1901,  pt.  3,  p.  26. 
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Analifsex  of  lime^orwjf  (marbles)  of  Sfererut  County y  Wcish.^ 


Silii-a  (SU),) 0.87 

Alumina  (Al./),) '     .00 

Iron  oxide  (FejOs) 00 

Lime  (CaO) 55.16 

Magnesia  (MgO) 21 


C;arbon  dioxide  (COj) 43.  77 


X  49 

.00 

.24 

51.  54 

1.11 


D 


6 


0. 98  ,  0.  82  2.  (il 

.00   .00  .00 

Tr.   Tr.  .  00 

53.96  54.81  53.68 

1.25     1.70  .76 


3. 12 
.00 
.93 


0.  13 
.00 
.00 


52.04   54.95 
.67       .54 


42. 46  43.  76  43. 56  42,  89  '43.  22  44.  22 


1.00 

.00 

.00 

53. 96 

1.60 

43.27 


1.  White  nmrble.  Jefferson  Marble  Company  qnarrio«,  15  miles  northwest  of  Colville. 

2.  Pink  marble,  Jefferson  Marble  (>)miiany  quarries,  15  mil(*ii  northwest  of  Colville. 
8.  White  marble.  Keystone  Marble  ('ompany  quarries,  16  miles  north  of  ('olville. 

4.  (Jray  marble.  Keystone  Marble  C/ompany  quarries,  16  miles  north  of  C^»lville. 

6.  White  marble,  Colville  Marble  (Vnnpany  (juarries,  16  miles  northeast  of  ('olville. 

6.  Dark-grav  marble.  Colville  Marble  (Vmipany  uuarries,  16  miles  northeast  of  Oilville. 

7.  Lij^ht-gray  marble,  2i  mih*s  northwest  of  Bossbury. 

8.  Florentine  Marble  Company,  Ryan. 

POUTLAXD-CEMKNT  RESOITUCKS  OF  WKST  VIRCJINIA. 

PORTLAND-CEMENT  MATERIALS. 

Four  limestone  horizons  are  worth  considering^  as  possible  sources 
of  cement  material  in  West  Virginia.     These  are,  in  geological  order: 

4.  Coal  Measnrefi  (Pennsylvania)  limestones. 
3.  Greenbrier  (MissiRsippian)  limestone. 
2.  Tiewiston  (lower  Helderborg)  limestone. 
1.  Ordovician  limestones  (Trenton,  etr. ). 

Of  these  the  Greenbrier  and  the  Ordovician  limestones  are  by  far 
the  most  important  in  this  connection.  All  of  these  limestones  are 
shown  on  the  map  (PI.  XV). 


ORDOVICIAN  LIMESTONES. 

Nonmagnesian  limestones  occur  at  several  horizons  in  the  Ordo- 
vician, the  most  important  from  the  present  point  of  view  being  of 
Trenton  age.  These  correspond  geologically  to  the  cement  rock  of 
the  Lehigh  district  of  Pennsylvania.  In  West  Virginia  they  are 
extensively  developed  in  the  Shenandoah  Valley. 

At  and  near  Martin8l)urg,  Berkeley  County,  this  pure  limestone 
has  ]>eeit  extensively  quarried  for  flux.  The  developments  at  this 
point  liave  been  recently  reported  *  on  by  Mr.  G.  W.  Stose,  as  follows: 

At  Martinsburg,  W.  Va.,  this  limestone  is  exceptionally  pure  and  very  thick.  It 
hafl  Ijeen  quarried  there  on  a  vast  scale  by  the  (Standard  Lime  and  Stone  Company 
for  use  as  flux  in  the  iron  furnaces  a])out  Pittsburg. 


a  These  analyses  were  obtained  from  the  report  by  Professor  Shedd  on  "The  building  and  orna- 
mental stones  of  Washington,"  contained  in  the  Annual  Report  of  Uie  Waflhington  Qeol.  Survey  for 
1902,  PP.3-16S.  This  report  containN  detailed  deseriptions  of  the  variouB  quarry  areas,  and  Is  tkere- 
fore  valuable  for  reference  in  the  present  connection. 

frBull.  U.  S.  Geol.  Survey  No.  225,  pp.  516-517. 
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The  limestone  outcropB  in  a  belt  extending  southward  froni  the  town.  On  the 
east  fiide  is  a  low  ridge  of  Hudson  shale  containing  graptolites  of  Utica  age  near 
the  base.  Dipping  at  an  angle  of  20  degrees  under  these  l)ed8  are  (K)  feet  of  dark,  (rora- 
pact,  crystalline  and  shaly  limestones  bearing  fossils  of  Trenton  age.  Below  this  are 
three  or  four  heavy  be<l8  of  pure  limestone  averaging  15  to  20  feet  in  thickness,  with 
a  total  of  about  80  feet.  This  is  the  dejiosit  that  is  quarried.  The  upper  bed  is  a 
very  massive,  compact,  light-gray  limesUme,  weathering  chalky  white  on  the  surface, 
with  smooth  fracture  and  but  slight  indications  of  bedding.  The  lower  beds  are 
darker,  coarser  grained,  not  so  homogeneous,  and  have  a  rough  fracture,  and  at  the 
base  are  thinner  bedded.  The  only  fossils  observed  in  these  beds  are  a  few  Leper- 
ditia  found  in  the  upper  layers,  indicating  Ix>wville  (Birdseye)  age. 

The  whole  of  this  mass  is  quarried,  and  is  stated  to  average  98  per  cent  carbonate 
of  lime.  The  two  samples  tested  by  the  Geological  Survey  contained  96.2  and  97.7 
l^er  («nt.  The  limestone  is  quarried  in  an  open  cut  200  to  250  feet  wide  and  80  to 
100  feet  deep,  the  workable  depth  depending  upon  the  amount  of  stripping  tliat  is 
profitable.  The  open  cut  extends  for  over  1}  miles  along  the  strike  and  is  l)eing 
worked  akmg  its  entire  length.  The  same  beds  apparently  continue  beyond,  to  the 
south,  and  there  is  every  reason  to  believe  that  they  also  occur  along  the  strike  north 
of  the  town.  The  rock  is  taken  out  on  tram  cars,  is  crushed  to  5-inch  size,  and  is 
loaded  directly  into  the  railway  cats  on  the  track.  The  reason  that  the  stone  can 
be  profitably  shipj)ed  such  a  distance  is  tliat  the  cars  which  transport  the  coal  from 
the  Pennsylvania  mines  to  the  south  return  loatled  with  limestone,  thus  avoiding  an 
empty  return  run,  and  the  freight  rates  are  reduced  to  a  minimum.  It  is  reporte<l 
that  from  20  to  50  carK)ads  a  day  of  the  crashed  rock  are  shipped.  With  a  quarry 
face  of  80  feet  and  tlie  dii)  of  the  ro<^ks  20  dt^grees,  the  estimated  output  of  the  quarry 
per  mile  is  about  3,000,000  tons. 

An  analysis  by  Rogers^'  is  given  below.  It  is  of  a  specimen  from  a 
point  4  miles  from  Harpers  Ferry,  on  the  road  to  Martinsburg. 

Analysis  of  limestmu  from  near  Harpers  Ferry,  W,  Va. 

Silica  (SiO,) 1.83 

Alumina  (AljOj) | 

Iron  oxide  (Fe^Os) / 

Lime  carbonate  (CaCX)3) 95.86 

Magnesian  carlwnate  (MgCOg ) 1. 40 

LEWISTON   (lower  HELDERBERG)   LIMESTONE. 

The  Lewiston  limestone,  although  occurring  in  West  Virginia,  is  not 
so  available  a  source  of  cement  material  as  the  Trenton  and  Greenbrier 
limestones.  The  only  obtainable  analysis  of  rock  from  this  location 
is  given  below,  quoted  from  Rogers.  .The  specimen  analyzed  was 
from  Pattersons  Creek,  near  Hampshire  Furnace. 

o  GteolQgy  oi  the  Viiginlaa,  p.  170. 
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Amilyti*  of  limestone  frmn  PaUersons  Creek,  West  J'trginia, 

Silica  (8iO,) 4.96 

Alamina  ( Al,Os) |      ^^ 

Iron  oxide  ( FejOa) ' 

Lime  carbonate  (OaCX),) 92.44 

Mai^nesian  carlionate  (MgCOj) 1. 40 

Water 52 


GREENBRIER  LIMESTONE. 

As  shown  on  the  accompanying  geological  map  the  Greenbrier 
(Mississippian  or  Lower  Carboniferous)  limestone  is  well  developed 
in  West  Virginia,  reaching  its  maximum  thickness  in  its  type  area  in 
Greenbrier  County.  At  Manheim,  on  Cheat  River,  east  of  Grafton, 
this  limestone  is  now  used  by  the  Buckhorn  Portland  Cement  Company. 

Throughout  its  entire  range  the  Greenbrier  limestone  is  mainly  a 
very  pure  nonmagnesian  limestone,  though  o<*(^asionally  shaly  or  mag- 
nesian  beds  occur.  Because  of  its  thickness,  its  favorable  composi- 
tion, and  its  location  with  respect  to  fuel  supplies  and  transportation 
routes,  it  is  a  very  promising  source  of  Portland  cement  material. 

Analyses  of  Greeiibrier  limestone.  West  Virginia, 


I 


SiUca  (SiOj) !  0.9719.87,  6.20 

Alumina  (A10,)|.^^|^^^^ 

Iron  oxide  (Fe,Os)--J 

Line  carbonate!  ' 

(CaCOj) 96.4674.56 

Magnesium  carbon- 
ate (MgCO,) 

Water 


1.88 
.56 

89.9295.92 


1.11 
n.d. 


1.95 
n.  d. 


Tr. 
.44 


Tr. 

.40 


6 

6 

6.04 

0.40 

.88 

.48 

89.44 

98.20 

2.80 

.84 

.24 

8 


5. 80  27. 00 


1.16     .88 


89.7667.40 


2.32 

.92 


2.32 
.56 


7.24 


2.62 


10         11 


6. 00  26. 96 


1.5^  1.60 


88. 32  88. 62  64. 00 


72 


3.24 


.72 


6.76 
.  66 


L  Huddleston  quarry,  Snow  Flake,  Greenbrier  County.    J.  B.  Britton,  analyst.    Twentieth  Ann. 
1.  Si 
havers  M( 
p.  74. 


Rept.  U.  8.  Geol.  Survey,  pt.  6.  p.  460. 
2.  Shavers  Mountain,  Randolph  County.    E.  Whitfield,  analyst.    Bull.  U.  S.  Gdol.  Su^ey  No.  27, 


5.  Near  Red  Sulphur  Springs,  Monroe  County.    Rogers.  "Geology  of  the  Virginias,"  p.  896. 
4.  Near  Union.  Mohnn^  County.    Rogers,  "Geology  of  the  Virginias,"  p.  397. 

6.  Two  miles  south  of  Kingwood.  I»rt»st(»n  County.    Rogers,  "  Geology  of  the  Virginian."  p.  398. 

6.  Muddy  Creek  Mountain,  near  Blue  Sulphur  Springs.    Rogers,  "Geology  of  the  Virginian,"  p.  396. 

7,  8.  Cheat  River,  below  Gum  Camp  Run,  Preston  (k)unty.    Rogers,  "Geology  of  the  Virginias," 
p.  397. 

9.  East  side  Laurel  Hill.  Monongalia  County.    Rogers,  "  Geology  of  the  Virginla.s,"  p.  397. 

10.  Front  ridge,  oppodte  Petersburg.  Tucker  County.    Rogers,  "Geology  of  the  Virginias,"  p.  396. 

11.  East  side  Briery  Mountain,  Preston  County.    Rogers,  "Geology  of  the  Virginias,"  p.  896. 

COAL  MEASURES  (pENNSYLVANIAN)   LIMESTONES. 

As  in  Pennsylvania  and  Ohio,  thin  limestone  beds  occur  at  many 
horizons  in  the  Coal  Measures  of  West  Virginia.  These  limestones 
are  usually  low  in  magnesia,  but  are  also  quite  low  in  lime  carbonate, 
commonly  ranging  from  80  to  90  per  cent  in  that  constituent.     As 
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Portland-cement  materials  their  value  depends  entirely  upon  their 
nearness  to  fuel  supplies,  for  they  are  neither  thick  enough  nor  pure 
enough  to  compare  favorably  under  equal  conditions  with  the  (jreen- 
brier  or  Trenton  limestones. 

Analyses  of  Coal  Meagures  limestones,  West  Virginia. 


8ilica(Si02) 

Alumina  ( AI2O3) 

Iron  oxide  (Fc^Os)  ... 

Lime    carbonate 
(CaCO,) 

Magnesium  carlx)nate 
(>IgCO,) 

w aier  •«......-•••••• 


10.24 
|3.52 

81.40 

3.32 
1.24 


a 


10.88 
1.92 

80.80 

Tr. 
.60 


8 


13.28 


1.68 


32.04 


7.00 


6 


0.92 
.96 


84.4056.4895.52 


6 


10.33  '     1.53 


.90 


.96 


Tr. 
.64 


2.48 
2.00 


[85.  75]  i  [95. 10] 


1.88 
.76 


[2.26]'  [1.95] 


.a5 


.10 


8 


9 


l.<50   7.20 


1.60  2.00 


96.20 

Tr. 
.60 


10 


1.76 


.80 


89.  72  83. 92 


Tr. 
1.08 


2.80 


.72 


md  one-half  mile  southeast  of  Kingwood.    Rogers's  "  Geology  of  the  Virginian,"  page  400. 
Mile  Creek,  1  mile  fn)m  mouth,  Kanawha  County.    Rogere'H  "Geology  of  the  Nlrginiaii," 


1.  Two  ami 

2,  3.  Ten 
page  524. 

4.  Hughes  Creek,  Kanawha  County.    Rogers's  "  Geology  of  the  Virginias."  page  400. 

5.  Clarksburg.    Roveni's  "  Geology  of  the  Virginias,"  pjige  401. 

6.  7.  Moundsville  Narrows,  12  miles  below  Wneeler.    Bull.  V.  S.  Geol.  Survey,  No.  9,  page  17. 
8,  9, 10.  Two  Mile  Creek,  Kanawha  County.    Rc^ers's  "  Geology  of  the  Virginijis,"  page  525. 


PORTLAND  CEMENT  INDUSTRY  OF  WEST  VIRGINIA. 

West  Virginia  has  at  present  only  one  Portland-cement  plant.  This 
is  the  mill  of  the  Buckhorn  Portland  Cement  Company,  located  on  the 
Cheat  River  at  Manheim. 

The  materials  used  are  the  Greenbrier  limestone,  shales  of  the  same 
series,  and  Quaternary  clays  from  the  river  flats.  Anal3^ses  of  these 
materials,  by  R.  L.  Humphrey,  follow,  and  are  quoted  from  Engi- 
neering News,  volume  50,  page  409. 

Analyws  of  cement  materials^  Manheim,  W.  Va. 


Lower. 


SUica(Si(\) 

Alumina  ( AljO^) 

Iron  oxide  ( Fe^Og) / 

Lime('Arb<jnate(CaC(  l^) 
Magnesium  carbonate 

(liigCOs) 


23.  40-20.  20 
\  9. 10-  8.  80 


m.  :n-6H.  m 


Tr. 


Limestone. 
Middle. 


18.60-13.08 


7.  60-  6. 12 


72.  27-80. 09 


Tr.-    .  (U 


Shale. 

Clay. 

t^per. 

.  8.  84-  2.  92 

62.74 

68.16 

5.04-  1.82 

19. 40 

16.18 

85. 00-94. 00 

.38 

.42 

.72-  1.10 

1.41 

1.04 
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PORTLAND  CEMENT  RESOURCES  OF  WISCONSIN. 

ORIXJVICIAN    AND  SILURIAN   LIMESTONES. 

The  Ordovician  and  Silurian  deposits  in  Wisconsin  contain  heavy 
and  widely  distributed  beds  of  limestone.  It  is  neceasary,  however, 
to  warn  the  prospector  that  the  chances  for  obtaining  a  well-located 
limestone  sufficiently  low  in  magnesia  to  be  serviceable  for  this  use 
seem  to  be  very  poor.  Of  the  numerous  analyses  of  Wisconsin  lime- 
stones that  have  been  examined  by  the  writer,  only  three  show  a 
limestone  carrying  less  than  30  per  cent  of  magnesium  carbonate. 
Low-magnesia  limestones  exist  in  the  State,  but  the  chances  seem  to 
be  against  securing  a  satisfactory  deposit  of  such  material.  So  far  as 
known,  the  only  fairly  thick  and  extensive  bodies  of  low-magnesia 
limestone  in  Wisconsin  occur  in  the  lead  region  in  the  upper  part  of 
the  Platteville  limestone,''  heretofore  referred  to  the  Trenton  series. 

Mr.  E.  O.  LTlrich  states  that  in  the  southwestern  part  of  the  State  a 
genemlly  thin  and  leather  locally  developed  bed  of  relatively  pure 
limestone  fomis  the  top  of  the  Platteville.  The  "glass  rock,''  as  this 
bed  is  called,  is  probably  better  developed  at  Mineral  Point  and 
Platteville,  Wis.,  than  anywhere  else  in  the  lead  district.  At  these 
localities  it  is  filled  with  a  highly  characteristic  fauna  of  late  Stones 
River  age.  The  rocks  deposited  upon  it — the  Galena  limestone — are 
Black  River  and  Trenton  in  age. 

Farther  east,  as  at  Beloit,  and  thence  northward  to  Escanaba,  Mich., 
the  *' glass  rock"  is  not  represented  in  the  sections.  The  "upper 
buflf"  and  "blue,"  however,  occur  continuously  east  and  north  of 
Janesville  and  Beloit,  Wis.,  while  they  are  wanting,  at  least  locally, 
in  the  lead  region.  Both  the  "upper  buff  and  blue"  probably — the 
latter  certainly — represent  a  horizon  intermediate  between  the  lowest 
Galena  and  the  "glass  rock." 

Grant*  has  recently  described  this  particular  limestone  as  follows: 

The  '*gla8fi  rock"  belongs  near  the  top  of  the  Trenton  linieHtone.  This  term  has 
been  applieil  to  a  nuinljer  of  varieties  of  limestone  in  this  general  horizon.  It  may 
be  said  that  the  name  is  used  for  very  fine  grained,  compact,  and  hard  l)eds  of  lime- 
stone which  occur  near  the  top  of  the  Trenton.  This  is  alwut  as  accurate  a  general 
definition  of  the  term  as  can  l)e  given.  There  is,  however,  one  particular  phase  of  this 
rock  which  may  l)e  called  tiie  typiciil  gla>«8  rock  and  which  is  apparently  the  ro(*k  to 
which  the  name  was  first  applietl.  This  is  a  very  fine  graineil,  very  compact  limestone, 
which  breaks  wuth  a  conchoidal  fractture  and  which  when  fresh  is  of  a  light-brown 
or  chocolate  color.  On  exjwsure  to  the  air,  however,  this  color  changi^s  to  a  ])luish 
gray.  This  phase  of  the  glass  rock  is  found  in  many  i)laces  throughout  the  wt\stern 
two-thirds  of  the  lead  and  zinc  district.  It  usually  occurs  in  thin  l)eds,  and  in  some 
places,  especially  at  Platteville,  is  an  important  building  material,  the  normal  sc;hool 
building  at  this  place  and  one  of  the  high  school  buildings  being  constructed  almost 


a  Bain,  H.  F.,  Zinc  and  lead  deposits  of  northwestern  Illinois:  Bull.  U.  8.  (Jeol.  Survey  No.  246, 1905, 
pp.  li^20. 
bQrant,  U.  S.,  Geol.  Wisconsin,  vol.  2,  p.  681, 1877. 
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entiraly  of  this  rock.    The  fact  that  it  does  not  occur  in  thicker  beds  prevents  its 
universal  use  as  ^  building  stone.     Very  frequently  this  glass  rock  is  packed  full  of  , 
fossils.     It  is  a  comimratively  pure  limestone,  containing  only  a  small  amount  of 
magnesia,  the  chief  impurities  being  silica  and  clay. 

The  composition  of  this  rock  is  shown  by  the  following  analyses. 

Analyses  of  PlaUemlle  limestones,  Wisconsin. 


Silica  (SiO,) 

Alumina  ( AljOg) 

Iron  oxide  (Fe,Os) 

Lime  carbonate  ( CaCOa) 

Magnesium  carbonate  (MgCOs) 
Water 


LIO 

97.92 
1.60 
n.  d. 


7.03 
^21 
L22 
84.02 
5.33 
.61 


1.  Near  Benton,  on  the  Fever  River,  Geol.  Wisconsin,  vol.  2,  pp.  560-661. 

2.  Mineral  Point,  Geol.  Wisconsin,  vol.  2,  pp.  500-561. 

3.  Bristol,  Dane  County,  Geol.  Wi8Con.sin,  vol.  2,  pp.  560-561. 


QUATERNARY   SHEM.  MARLS. 

As  in  Michigan,  Ohio,  New  York,  and  other  States  north  of  the 
glacial  limits,  many  lakes  occur  in  Wisconsin,  and  some  of  these  con- 
tain deposits  of  marl.  Little  attention  has  yet  been  paid  to  these 
marl  deposits  and  practicall}'^  nothing  can  belaid  as  to  their  occurrence 
and  character.  One  noteworthy  feature,  however,  should  be  borne 
in  mind.  As  already  shown,  almost  all  of  the  limestone  deposits  of 
the  State  are  highly  magncsian.  As  the  marls  are  ultimately  derived 
from  local  limestones,  it  is  to  be  expected  that  Wisconsin  marls  will 
carry  larger  percentages  of  magnesia  than  marls  occurring  in  areas  of 
pure  limestones.     This  seems  to  be  indicated  by  the  following  analysis: 

Analysis  of  slieU  marl,  Wisconsin. 

Silica  (SiOa) .-     1.48 

Alumina  ( AljOg) I       - q 

Ir©n  oxide  (FjOj) ' 

Lime  carbonate  (CaCOg) 86. 09 

Magnesium  carbonate  (MgCOj) 7. 18 

Sulphur  trioxide  (SO3) 44 

Water L67 

Organic  matter 952 

Sections  17, 18,  19,  and  20;  town  of  IMerce,  T.  24,  R.  25.    Kewaunee  County.    Or.  Bode,  analyst. 
Geology  of  Wisconsin,  vol.  2,  p.  239. 
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Limestones  are  extensively  distributed  throughout  the  State  of 
Wyoming,  but  little  attention  has  yet  been  paid  to  their  economic 
value.  The  following  analyses  may  prove  serviceable  in  looating 
deposits  that  may  l>e  of  use  for  lime  or  cement  making: 

Analyses  of  limesUmeSy  Wyoming. 


Silica  (SiOj)  

Alumina  (AljOa) 

Iron  oxide  ( FejOj) 

Lime  (CaO) 

MagneHia  (MgO) 

Alkalies  (KANa^O)  . 
Carlson  dioxide  (CX),). 
Water 


2.02  22.22 


.57 

54.06 
.34 

n.  d. 

42.85 
.42 


.21 

43.24 
.15 

n.  d. 

33. 94 
.14 


3 

4 

5 

6 

31.28 

31.45 

23.49 

23.47 

1   1.83 
1     .22 

1.58 

6.17 

6.27 

.21 

2.16 

2.20 

34.  20 

34.18 

33.  79 

33. 8:^ 

.11 

.08 

.62 

.74 

.51 

.61 

.38       .38 

26.79 

26.82 

27.08  27.03 

4.64 

4.64 

6.27 

6.20 

1.  Vermilioh  Creek  Canyon.    Upper  Coal  Measures. 

2.  Near  Red  Buttes.    Juniswic? 

3, 4.  Turtle  BluffH,  north  side  of  Henrys  Fork.    Eocene. 
6,  tt.  Green  River  City.    Eocene. 
7,8.  Five  miles  soutfi  of  Cheyenne.    Pleicene. 
9.  Three  miles  ea>st  of  Laramie.    Carbtmiferous. 

Analyses  l-«  by  B.  E.  Brewnter,  Kept.  U.  S.  Geol.  Expl.  40th  par.,  vol.  2;  analysis  9  from  Report 
Territorial  Geologist  for  Wyoming  for  188&-89,  p.  IS. 


PART  III.    NATURAL-CEMENT  RESOURCES  OF  THE  UNITED 

STATES. 

t 

INTRODUCTION. 

On  the  follQwing  pages  an  attempt  will  he  made  to  discuss  the  natural 
cements  as  a  class,  emphasis  heing  laid  upon  the  points  of  rescmhlance 
of  the  various  hrands,  their  many  points  of  difference  being  for  a  time 
disregarded.  The  difficulties  encountered  in  such  an  attempt  are  greater 
than  the  reader  at  first  sight  may  imagine,  for  few  engineers  realize 
what  a  heterogeneous  collection  of  products  is  included  under  the  well- 
known  name  of  "natural  cement."  This  lack  of  knowledge  is  easily 
explained.  Under  ordinary  circumstances,  natural  cements  'are  too 
low  in  value  to  be  shipped  far  from  their  points  of  production.  The 
natui'al  cement  made  at  any  given  locality  has  usually,  therefore,  a 
well-defined  market  area,  within  which  it  is  well  known  and  subject  to 
little  competition.  The  engineer  practicing  within  such  an  area  forms 
his  idea  of  natural  cements  in  general  from  what  he  knows  of  the 
brands  encountered  in  his  work^  and  as  all  the  brands  from  one  cement- 
producing  loc*alit3'  are  apt  to  resemble  one  another  closely  he  is  likely 
to  conclude  that  natural  cements  form  a  homogeneous  class,  with  many 
points  of  resemblance  and  few  of  difference.  On  the  contrary,  there 
may  be  as  nuich  difference  in  strength,  rate  of  set,  composition,  et<»,., 
lietween  natural  cements  from  two  different  localities  as  between  any 
given  brand  of  natural  cement  and  a  Portland  cement. 

DEFINITION  OF  NATURAL  CEMENTS. 

The  term  "natural  cements"  is  here  used  to  include  all  cements  pro- 
duced by  burning  a  natural  limestone  rock  without  previous  grinding 
or  mixing.  As  so  used  it  includes  the  class  of  doubtful  products  com- 
monly known  as ''natural  Portlands,"  which  are  so  largely  made  in 
France  and  Belgium.  The  reasons  for  including  these  '*  natural  Port- 
lands" with  the  natural  cements  instead  of  with  the  true  Portlands 
are  stated  in  considerable  detail  on  pages  21-23. 

Natural  cements  are  produc^ed  by  burning  a  natural  clayey  limestone, 
containing  15  to  40  per  cent  of  silica,  alumina,  and  iron  oxide,  without 
preliminary^  mixing  and  grinding.  This  burning  takes  place  at  a  tem- 
perature thjft  is  usually  little,  if  any,  above  that  of  an  ordinary  lime- 
kiln.    During  the  burning  the  carbon  dioxide  of  the  limestone  is 
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almost  entirely  driven  off,  and  the  lime  combines  with  the  silica^ 
alumina,  and  iron  oxide,  forming  a  mass  containing  silicates,  alumi- 
nates,  and  ferrites  of  lime.  In  case  the  original  limestone  contained 
any  magnesium  carbonate  the  burned  rock  will  contain  a  corresponding 
amount  of  magnesia  and  magnesian  compounds. 

The  burned  mass  will  not  slake  if  water  be  poured  on  it.  It  is  nec- 
essary, therefore,  to  grind  it  rather  fine;  after  it  is  ground,  if  the 
resulting  powder  (natural  cement)  be  mixed  with  water,  it  will  harden 
rapidly.  This  hardening  or  setting  will  take  place  either  in  air  or 
under  water. 

RELATIONS  OF  NATURAL  CEMENTS  TO  OTHER  CEMENTS. 

Natural  cements  diflfer  from  ordinary  limes  in  two  very  noticeable 
ways:  (1)  The  burned  mass  does  not  slake  when  water  is  poured  on  it. 

(2)  Natural  cement  powder  has  hydraulic  properties;  i.  e.,  if  properly 
prepared  it  will  set  under  water. 

Natural  cements  are  closely  related  to  hydraulic  limes  on  the  one 
hand  aftd  to  Portland  cement  on  the  other,  agreeing  with  both  in  the 
possession  of  hydraulic  properties.  They  differ  from  hydraulic  limes, 
however,  in  that  the  burned  natural  cement  rock  will  not  slake  when 
water  is  poured  on  it. 

Natural  cements  differ  from  Portland  cemeiits  in  the  following 
important  particulars:  (1)  Natural  cements  are  made  b}'  burning 
masses  of  natural  rock,  not  by  burning  carefully  prepared  and  finely 
ground  artificial  mixtures.  (2)  Natural  cements,  after  burning  and 
grinding,  are  usually  yellow  to  brown  and  light  in  weight,  their  specific 
gi'avit}'^  being  about  2.7  to  2.9;  Portland  cement  is  commonly  blue  to 
gray  in  color  and  heavier,  its  specific  gmvity  i-anging  from  8.0  to  3.2. 

(3)  Natural  cements  are  always  burned  at  a  lower  temperature  than 
Portland,  and  commonly  at  a  nmch  lower  tempei'ature,  the  mass  of 
rock  in  the  kiln  never  being  heated  high  enough  to  even  approach  the 
fusing  or  clinkering  point.  (4)  Natural  cements  set  more  rapidly 
than  Portland  cement,  but  do  not  attain  so  high  ultimate  strength. 
(6)  Various  brands  of  natural  cements  will  show  very  great  differences 
in  composition,  while  Portland  cement  is  a  definite  product  whose  per- 
centages of  lime,  silica,  alumina,  and  iron  oxide  vary  only  between 
narrow  limits. 

RAW  MATERIAL  (NATURAL-CEMENT  ROCK). 

The  riiaterial  used  in  the  manufacture  of  natural  cement  is  invariablv 
a  clayey  limestone,  carrying  from  13  to  35  per  cent  of  clayey  material, 
of  which  10  to  22  per  cent  or  so  is  silica,  while  alumina  and  iron  oxide 
together  may  vary  from  4  to  16  per  cent.  These  clayey  niaterials  give 
the  resulting  cement  its  hydraulic  properties.     Stress  is  often  care- 
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lessl J  or  ignorantly  laid  on  the  fact  that  many  of  the  best-known  nat- 
ural cements  carry  large  percentages  of  magnesia,  but  magnesia  (in 
natural  cements  at  least)  may  be  regarded  as  being  almost  exactly 
interchangeable  with  lime,  so  far  as  the  hydraulic  properties  of  the 
product  are  concerned.  The  presence  of  magnesium  carbonate  in  a 
natural-cement  rock  is  then  merely  incidental,  while  the  silica,  alumina, 
and  iron  oxide  are  essential.  The  30  per  cent  or  so  of  magnesium  car- 
bonate which  occurs  in  the  cement  rock  of  the  Bosendale  district,  New 
York,  could  be  replaced  by  an  equal  amount  of  lime  carbonate  and  the 
burnt  stone  would  still  give  a  hydraulic  product.  If,  however,  the 
clayey  portion  (silica,  alumina,  and  iron  oxide)  of  the  Rosendale  rock 
could  be  removed,  leaving  only  the  magnesium  and  lime  carbonates, 
the  burnt  rock  would  lose  all  of  its  hydraulic  properties  and  would 
yield  simply  a  magnesian  lime. 

This  point  has  been  emphasized  because  many  writers  on  the  sub- 
ject have  either  explicitly  stated  or  implied  that  it  is  the  magnesian 
carbonate  of  the  Rosendale,  Akron,  Louisville,  Utica,  and  Milwaukee 
rocks  that  causes  them  to  yield  a  natural  cement  on  burning. 

Since  within  very  wide  limits  of  composition  any  clayey  limestone 
will  give  a  natural  cement  on  burning,  it  can  readily  be  seen  that  sat- 
isfactory natural-cement  materials  must  be  widely  distributed  and  of 
common  occurrence.  Hardly  a  State  is  entirely  without  limestones 
suflSciently  clayey  to  be  available  for  natural-cement  manufacture. 
The  sudden  rise  of  the  American  Portland-cement  industry,  however, 
has  acted  to  prevent  any  great  expansion  of  the  natural-cement  indus- 
try. It  would  be  difficult  to  place  a  new  Hatural  cement  on  the  market 
in  the  face  of  competition  from  both  Portland  cement  and  from  the 
older  and  well-established  bi-ands  of  natural  cement.  Such  new  nat- 
ural-cement plants  as  have  been  stivrted  within  recent  years  have 
mostlv  been  located  in  old  natural-cement  districts,  where  the  accu- 
mulated  reputation  of  the  district  would  help  to  introduce  the  new 
brand.  The  only  exceptions  to  this  rule,  indeed,  were  the  Pembina 
plant  in  North  Dakota,  the  Rossville  plant  in  Georgia,  and  a  plant  in 
the  State  of  Washington.  Of  these,  the  Pembina  plant  was  estab- 
lished with  the  intention  of  making  Portland  cement,  but  the  niw  ma- 
terials soon  proved  to  be  unsuitable  and  the  plant  was  converted.  The 
plant  in  Washington  is  located  in  an  area  where  any  kind  of  cement  is 
readily  salable.  The  Rossville  plant  was  built  by  an  Akron,  N.  Y., 
cement  manufacturer  to  utilize  a  peculiarly  satisfactory  natural-cement 
rock. 

METHODS  OF  MANUFACTURE. 

The  manufacturing  methods  at  a  natural  cement  plant  are  of  the 
simplest  kind,  including  merely  the  burning  o^  the  cement  rock  and 
the  pulverizing  of  the  product, 
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The  burning  is  carried  on  in  vertical  kilns,  closely  resembling  lime 
kilns  in  shape,  size,  ete.  The  limestone  and  fuel  are  usually  fed  into 
the  kiln  in  alternate  layers,  though  at  a  few  plants  more  advanced 
types  of  kilns  are  in  use.  The  burned  product  is  crushed  and  then 
reduced  to  powder,  commonly  in  buhrstone  mills.  Recently  advances 
have  been  made  in  crushing  practice,  and  sevenil  plants  now  reduce 
their  product  in  tul)e  mills.  The  manufacturing  processes  have  been 
purposel}'^  stated  briefly  here,  because  further  details  concerning  them 
will  be  found  in  the  descriptions  of  the  various  natural-cement  produc- 
ing districts,  which  follow. 

NATirilAJ..-CEMENT  KK80URCE8  OF  GEORGIA. 

Two  natural  cement  plants  located  in  northwest  Georgia  use  cement 
rocks  from  two  different  geological  formations. 

The  plant  of  the  Chickamauga  Cement  Company  is  loc»ated  at  Ross- 
ville,  Ga.,  a  few  miles  south  of  Chattanooga.  The  slaty  material  used 
is  a  thin-bedded  raw  limestone  of  the  Chickamauga  (Ordovician)  age, 
which  is  here  exposed  over  a  considerable  area.  In  geologic  age,  as 
well  as  in  chemical  composition,  this  rock  is  closely  similar  to  the 
cement  rock  of  the  Lehigh  district  of  Pennsylvania.  The  rock  is 
quarried  and  carried  up  to  four  verticjil  sheet-iron  kilns  of  a  patented 
(Cummings)  design,  fired  with  coal.  The  burned  rock  is  sent  through 
a  Cummings  vertical  crusher,  and  then  finally  reduced  under  three 
runs  of  42-inch  Esopus  millstones. 

The  product  is  marketed  under  the  brands  of  Dixie  (natural)  and 
New  South  C  Portland "").  It  is,  of  course,  all  a  natural  cement,  accord- 
ing to  present-day  definitions  of  Portland  cement,  as  it  is  not  ai  ^Ifi- 
cially  mixed  prior  to  burning,  and  the  burning  is  conducted  at  too  low^ 
a  tempeniture  to  give  a  true  Portland.  That  a  real  Portland  cement 
could,  however,  l>e  readily  made  from  some  of  this  material  is  proved 
by  the  following  analysis  of  the  l)urned  product.  This  analysis,  by 
Cummings,  is  quoted  from  the  Twenty-first  Annual  Report  of  the 
United  States  Geological  Survey,  part  (»,  page  410: 

Analysis  of  cerneiit  rock  from  KossriUcj  Ga. 
Silica  (SiO,) 22.17 

Alumina  (AlA)----- ^-20 

Iron  oxide  ( FejO,) 2. 50 

Linie(CaO) 65.68 

Magnesia  (MgO) 1. 45 

The  Conasauga  formation  of  the  Cambrian  is  described  by  Dr.  C.  W. 
Hayes  as  "normally  composed,  at  the  base,  of  thin  limestones  inter- 
bedded  with  shales,  then  of  yellowish  or  greenish  clay  shales,  and  at 
the  top  of  calcareous  shales,  grading  into  blue  seani}^  limestones." 

The  Western  and  Atlantic  Railroad,  now  operated  under  lease  by 
the  Nashville,  Chattanooga  and  St.  Ijouis  sysUun,  crosses  the  outcrop 
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of  these  rocks  from  above  Adairsville  to  within  a  mile  of  Kingston. 
At  one  point  near  the  southern  end  of  this  belt  limestone  obtained 
from  beds  lying  near  the  top  of  the  Conasauga  formation  has  long 
l)een  utilized  in  the  manufacture  of  natural  cement  at  the  plant  of  the 
Howard  Hydraulic  Cement  Company,  at  Cement,  Bartow  County, 
Ga.,  about  2  miles  north  of  Kingston. 

In  tlie  low  ridge  east  of  the  railroad  at  Cement  station,  a  section  of 
these  Conasauga  limestones  has  been  measured  by  Dr.  J.  W.  Spencer.*' 
The  series  shown,  from  the  top  down,  was  as  follows: 

Section  near  Cement  tStatiorif  Ga 

Feet. 

Blue  limestone 8 

Slaty  limestone  (cement  rock) 4 

Blue  limestone 6 

*Argillaceou8  limestone 2 

*Siliceou8  limestone  ( hydraulic) 4 

*Siliceou8  limestone  (cement  nxik ) 7 

Fine  black  limestone 12 

Earthy  limestone 3 

« 

When  the  plant  was  visited  by  the  writer,  in  the  fall  of  1902,  the 
three  beds  marked  with  asterisks  were  being  wqrked  for  natural  cement, 
and  together  constitute  the  ''main  cement  bed"  later  mentioned  in  thid 
article.  Doctor  Spencer  quotes  the  following  analyses,  made  by  Mr. 
W.  J..,^iand,  of  the  cement  rock: 

Analyses  of  cement  rocks  from  Georgia. 


4 

Lime  carbonate  (CaCOg) 

Magnesium  carbonate  (MgCO,) 

Silica  (SiO,) 

Iron  oxide  (Fe^Os) 

Alumina  ( Al,Oa) - 

Organic  matter 

Water 


• 

1 

2 

43.50 

26.00 

22.10 

1.80 

5.45 

.15 

1.00 

55.00 

26.10 

10.00 

2.00 

6.10 

.50 

.30 

The  mill  is  located  at  the  side  of  the  railway,  the  farthest  quarry 
being  only  a  few  hundred  feet  away.  The  main  cement  bed  at  the 
quariy  now  worked  is  about  15  feet  thick.  In  common  with  the  other 
beds  it  dips  eastward  at  an  angle  of  about  20^.  It  is  overlain  and 
underlain  by  limestone  beds  of  various  composition,  but  none  fit  for 
the  manufacture  of  natural  cement.  A  thinner  cement  bed  lay  about  8 
feet  above  the  bed  now  worked,  but  was  worked  out  by  stripping  and 
quarrying  over  a  considerable  area  early  in  the  history  of  the  plant. 


a  The  Paleozoic  grroup  of  Georgia,  p.  100. 
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All  the  cement  rock  used  is  now  obtained  by  mining.  Two  inclines 
have  been  run  in  on  the  dip  of  the  beds.  These  inclines  are,  at  and 
near  their  entrances,  entirely  in  the  cement  bed,  several  feet  of  cement 
rock  being  left  above  and  below  them  to  serve  as  floor  and  roof. 
Farther  in,  however,  the  height  of  the  passages  is  increased,  and 
almost  the  entire  thickness  of  the  cement  bed  is  taken  out  Pillars  of 
cement  rock  are  left  at  intervals  to  support  the  roof. 

The  cement  rock  is  blasted  out,  sledged  when  necessary  to  a  size 
convenient  for  the  kilns,  and  loaded  onto  cars  carrying  about  li  tons 
each.  These  cars  run  on  narrow-gage  tracks,  which  extend  from  near 
the  heads  of  the  workings  to  the  kilns.  As  the  grade  in  the  inclines 
is  heav^y  the  cars  arc  hauled  out  of  the  mine  by  wire  cables,  power 
being  supplied  by  the  crusher  engine.  Outside  of  the  mine,  how- 
ever, the  grade  to  the  kilns  is  sufficiently  light  to  i>errait  the  cars  to  be 
run  by  hand  to  the  level  from  which  the  rock  is  fed  to  the  kiln. 

The  kilns  are  of  the  familiar  dome  type  commonly  used  in  lime  and 
natural-cement  burning,  and  are  six  in  number.  Four  are  jacketed 
with  steel  and  lined  with  fire  brick,  the  space  between  the  jacket  and 
the  lining  being  filled  with  clay.  The  two  remaining  kilns  differ  from 
these  only  in  the  fact  that  in  place  of  the  steel  jacket  their  exterior 
surfaces  are  laid  up  with  rock.  These  rock-jacketed  kilns  ai*e  said  to 
be  somewhat  more  satisfactory  than  those  of  the  steel-jacketed  type. 

All  the  kilns  are  25  feet  in  height,  and  have  an  output  of  60  barrels 
of  cement  each.  The  kilns  are  charged  to  the  top  with  fuel  and  cement 
rock,  in  the  proportions  of  about  300  pounds  fuel  to  2,500  pounds 
rock.  The  fuel  used  is  coal,  the  sizes  being  nut,  pea,  and  slack,  in 
about  equal  amounts.  Seven  or  eight  days  are  required,  on  the  aver- 
age, to  ''turn  a  kiln,"  including  charging,  burning,  and  drawing. 

When  the  kilns  are  drawn  the  clinker  is  picked  over  and  then  car- 
ried by  a  Jeffreys  elevator  to  pot  crushers  of  special  design.  On 
issuing  from  the  crushers  the  material  encounters  revolving  screens  of 
about  i-inch  mesh.  All  material  that  does  not  pass  these  screens  is 
sent  back  to  be  recrushed.  The  finer  material  which  passes  through 
this  i-inch  screen  meets  another  revolving  screen  of  about  60  mesh. 
Everything  that  passes  through  this  fine  screen  is  sent  direct  by  a 
conveyor  to  the  packing  machines,  while  the  material  failing  to  pass 
the  50-mesh  screen  is  sent  to  buhrstone  mills,  where  it  is  ground, 
screened,  and  sent  to  the  packers. 

The  Howard  cement  is  marketed  as  the  '^Red  Keystone"  brand, 
aiid  is  favorably  known  to  the  southern  cement  trade,  having  been 
extensively  used  in  engineering  work.  It  has  certain  properties 
which  serve  to  differentiate  it  from  other  natural  cements.  In  color 
it  is  lighter  than  any  other  natuml  cement  known  to  the  writer,  the 
set  cement  being  very  light  gray  or  yellowish  gray.    Its  specific  gravity 
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is  low,  so  that  cement  barrels  of  the  usual  size  will  contain  only  about 
240  pounds  of  Howard  cement.  Most  of  the  product  is,  however, 
marketed  in  hsLga  containing  80  pounds  each.  It  is  said  not  to  stain 
masonry  and  to  resist  well  the  action  of  salt  air  and  spray.  Its  final 
hardening  is  slow  relative  to  the  Louisville  cements,  Jind  for  this  rea- 
son it  does  not  show  up  well  in  short-time  comparative  tests  for  ten- 
sile strength,  though  at  periods  longer  than  a  month  it  gives  excellent 
results. 

The  Howard  cement  is  high  in  both  lime  and  magnesia,  compared 
with  the  Louisville  cements.  Two  analyses  are  given  below,  the  first 
(luotcd  in  Cummings's  American  Cements  and  the  second  by  W.  M. 
Bowron.  To  these  have  been  added  the  average  of  five  analyses  of 
typical  Louisville  cements. 

Aiialyses  of  natural  cements. 


Silica  (SiO,) 

Alumina  (AI2O3).. 
Iron  oxide  (FegOj) 

Lime(CaO) 

Magnesia  (MgO) . . 


Howard  cement. 

Averaire 

Louisville 

cemeDt. 

1 

8 

22.58 

19.60 

23.72 

7.23 
3.35 

1  11.60 

8.51 

48.18 

48,86 

43.57 

15.00 

18.14 

9.26 

NATURAL-CnBMENT  RESOURCES  OF  ILULNOIS. 

Three  natural-cement  plants,  operated  by  two  companies,  are  now 
working  in  Illinois,  near  Utica,  La  Salle  County.  The  rock  useil  is  a 
limestone  belonging  to  the  so-called  ''Lower  Magnesian"  group  of 
early  western  geologists.  It  is  of  Ordovician  age  and  underlies  the 
St.  Peters  sandstone. 

The  section  exposed  in  the  neighborhood  of  the  Utica  cement  plants 
is  as  follows,  from  the  top  downward: 

JScction  of  cement  rock  beds  exposed  at  Uticaj  111. 

Feet. 

Cement  roi^k 7 

Limestone 16-22 

Cement  TOi'M 6 

Sandstone 2^ 

Cement  rock 5 

Of  the  three  cement  rock  beds  shown  in  this  section,  the  uppermost 
bed  gives  a  very  quick-setting  cement  while  the  two  lower  beds  fur- 
nish products  of  much  slower  set. 
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Arrnhjaea  of  mitural'Cement  rocksj  UticOf  lU. 


Silica  (SiO,) 

Alumina  ( AljOg) 

Iron  oxide  (FejOj) 

Lime  (CaO)  

Magnesia  (MgO) 

Alkalies  ( K,0,  Na,0) 

Sulplmr  trioxide  (SO,) |      n.  d. 

Carbon  dioxide  (COj) 

Water 


j  38. 


48 


34. 12 


8 

4 

I  21.00 

21.12 

2.00 

1.12 

24.36 

23.66 

14.31 

15. 22 

.18 

n.  d. 

n.  d. 

n.  d. 

1  34.90 
1     3.00 

35.35 

1.07 

14. 15 
6.37 
2.35 

26.  32 

12.10 
«.18 
1.81 

34.70 
2.03 


a  Far  too  low;  true  value  is  probably  over  4  per  cent. 

1.  P.  W.  Clarke,  analyst.    Sample  collected  by  E.  C.  Eckel. 

2.  C.  Richardson,  analyst.    Bnckbiillder,  July,  1897. 

3.  Blaney  &  Mariner,  analysts.    Quoted  by  Worthen,  Geolo^ry  of  Illinois,  vol.  1.  p.  151. 

4.  Blaney,  analyst.    Trans.  Am.  Inst.  Min.  Eng.,  vol.  13,  p.  180. 

5.  Average  of  preceding  four  analyses. 

The  kilns  in  use  in  the  Utica  district  in  Illinois  are  elliptical  in 
cross  section  (plan)  with  vertical  walls.  The  largest  kilns  of  this  type 
are  30  feet  in  their  longest  inside  diameter  and  12  feet  wide.  Their 
total  height,  with  foundation,  is  50  feet,  giving  a  clear  height  of  45 
feet  from  bottom  of  draw  hole  to  top  of  kiln.  These  kilns  turn  out 
400  barrels  (265  pounds  each)  of  cement  a  day,  taking  18  to  20  pounds 
of  coal  per  barrel  of  cement.  This  corresponds  to  a  fuel  consumption 
of  only  6.8  to  7.5  per  cent. 

The  second  size  of  Utica  kilns  is  20  feet  by  9  feet  in  its  inside  diame- 
ters. The  smallest  size  is,  like  the  others,  elliptical,  with  inside  diam- 
eters of  14  and  7  feet,  respectively^  and  a  height  of  32  feet  from  top 
of  bridge  wall  to  top  of  kiln.  These  kilns  turn  out  300  to  375  barrels 
per  day. 

All  the  diameters  (juoted  above  are  internal  measurements.  The 
kiln  shell  proper  is  of  one-fourth-inch  t^heet  iron.  This  is  lined,  suc- 
cessively, with  an  18-inch  layer  of  ashes,  18  inches  of  stone  or  common 
brick,  and  9  inches  of  fire  brick. 

AnnJifHea  of  natural  cenumtSf  f  ^ftort,  lit. 


Silica(SiO,) 19.89 

Alumina  (AlA) 11-61 

Iron  oxide  ( Fe^Os) 1. 35 

Lime.  (CaO) 29.51 

Magnesia  (MgC)) 20.38 

Alkalies  (K,0,  Na,()) '  5.96 

Car l)on  dioxide  (CO^) \  j 

Water -\( 


i 

3 

4 

27. 60 

34.66 

35. 43 

10.60 
.80 

5.10 
1.00 

1    9.92 

33.04 

30.  24 

:«.  67 

17.26 

18.00 

20.  98 

7.42 

6.16 

u.  d. 

2.00 

4.84 

n.  d. 

{ 


i 

29.  39 

9.04 

l.ai 

31.61 

19.15 

6.51 

3.42 


1.  Haas  and  MeGraw,  analysts.    Engineering  News,  April  30, 1890. 
2, 3.  Quoted  by  CummingM.    American  Cements,  p.  86. 

4.  J.  V.  Blaney,  analyst.    Trans.  Am.  Inst.  Min.  Eng.,  vol.  13,  p.  180. 

5.  Ayerage  of  preceding  four  analyses. 
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XATITRAT^-C^KMKNT    UKSOURCK8    OP    INDIANA   AND 

KENTUCKY. 

The  plants  of  the  "  Louisville  district"  are  mostly  located  in  Indi- 
ana, though  one  or  two  mills  are  in  operation  on  the  Kentucky  side  of 
the  Ohio  River.  The  rock  is  a  fine-grained,  clayey  limestone  of  the 
Devonian  age.  In  color  it  varies  from  light  drab  to  dark  or  bluish 
drab,  when  fresh,  weathering  to  a  dull  buff  on  long  exposure.  The 
cement  bed  varies  from  10  to  16  feet  in  thickness  in  the  different 
quarries. 

Analyses  of  natund'Cernent  rocky  Louwnlle  didtrict,  Indiana-Kentucky. 


Silica  (8iO,) 

Alumina  (AljOj) 

Iron  oxide  ( FcjOj) . . . 

Lime  (CaO) 

Ma^eaia  ( MgO) 

Carbon  dioxide  (COj) 


1 

2 

9.69 

9.80 

2.77 

2.03 

1.95 

1.40 

29.09 

29.40 

15. 69 

16.70 

40.14 

1 

41.49 

8 

13.65 

3.46 

1.45 

34.55 

7.97 

35.92 

4 

6 

6 

15.21 

18.33 

13.36 

4.07 

4.98 

3.46 

1.44 

1.67 

1.58 

33.99 

30.41 

31.49 

7.57 

8.04 

11.19 

35.03 

32.76 

37.07 

Ana]yf4eH  1  to  5,  Incliuivc,  are  by  W.  A.  Noye«.     Quoted  by  Siebenthal,  Twenty-fifth  Ann.  Kept. 
Indiana  Dept.  Geol.  Nat.  Res.,  pp.  380-886. 

1.  Haiif«dale  mill,  New  Albany  (*ement  Company;  used  for  "Crown "  brand. 

2.  Ohio  Valley  mill,  Ohio  Valley  Cement  Company;  U4»ed  for  "  Feni  Leaf"  brand. 

3.  Falls  City  mill,  Union  ('ement  and  Lime  Comi>any;  used  for  "  Diamond"  brand. 

4.  Soeed  mill,  LcmiMville  ('ement  ('ompany;  use<l  for  "Star"  brand. 

5.  Black  Diamond  mill,  Union  (?ementand  Lime  Comiiany;  UHed  for  "Black  Diamond"  brand. 

6.  Average  of  the  preceding  five  analyses. 

Two  styles  of  kiln  are  in  use  in  the  Louisville  district.  The  older 
and  smaller  kilns  are  36  feet  in  height,  8  feet  in  diameter  at  the  top, 
enlarging  to  12  feet  at  a  point  24  feet  above  the  base,  and  again  con- 
tracting to  4  feet  at  the  l)ase.  These  are  drawn  from  a  chute  by  use 
of  a  swinging  gate  or  apron.  Coal  and  rock  are  charged  in  alternate 
layers.  About  a  week  suffices  for  the  passage  through  the  kiln  of  any 
particular  mass  of  material.  These  small  kilns  produce  about  100  to 
125  barrels  (265  pounds  each)  of  cement  a  day. 

The  larger  kilns  are  54  feet  from  extreme  base  to  top.  Viewed  from 
the  outside  they  appear  to  be  cylinders  54  feet  high  and  16  feet  in 
diameter.  Their  interior  space,  however,  is  10  feet  in  diameter  at  the 
top,  enlarging  to  12  feet  at  a  point  18  feet  above  the  base.  Below  this 
level,"  though  the  interior  walls  still  slope  outward,  the  space  is  really 
contracted  by  the  occurrence  of  a  conical  mass  of  brickwork  in  the 
center  of  the  kiln.  This  cone  throws  the  downcoming  clinker  toward 
the  draw  gates  at  the  sides.  A  9-inch  lining  of  fire  brick  is  set  around 
the  kiln  space  proper.  This  is  followed  by  9  inches  of  (common  brick, 
and  the  space  between  the  common  brick  lining  and.  the  exterior  kiln 
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shell  (which  is  one-fourth  inch  iron)  is  filled  with  clay..    A  kiln  of  this 
size  and  type  will  produce  150  barrels  of  cement  a  day. 

The  coal  used  in  these  kilns  is  bituminous  nut  and  slack  mixed,  from 
Pittsburg  or  Jellico.  About  25.6  pounds  of  coal  are  required  to  burn 
a  barrel  of  cement  (265  pounds),  equivalent  to  a  fuel  consumption  of 
about  9.5  per  cent  of  the  weight  of  cement  produced. 

AncUyses  of  natural  ceinentSy  LoumnUe  district,  Indiana  and  Kentucky, 


Silica  (SiOa) 

Alumina  ( AljOg) 

Iron  oxide  ( Fe^Os) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,K20)  .. 
Carbon  dioxide  (CO,)  . 
Water 


18.92 
11.02 

1.91 
46.90 

a.  97 

n.  d. 

n.  d. 
- , .  n.  d. 


2 

3 

4 

5 

6 

7 

2L10 

22.54 

23.29 

24.40 

25.28 

26.40 

|7.50 

f8.24 
12.14 

5.96 
2.16 

16.20 

r7.85 

a.  43 

6.28 
1.00 

44.40 

42.31 

41.28 

41.80  44.65 

45.22 

7.00 

5.39 

15.  39 

16.29 

9. 50  ]  9. 00 

.80 

2.82 

1.98 

1.52 

n.  d. 

4.00 

11.18 
1.16 

n.  d. 
n.  d. 

n.  d. 
n.  d. 

|9.89 

7.04 

7.86 

23.13 

7.87 

1.73 

43.  79 

10. 43 

2.22 

9.28 


«  Probably  erroneous, 

1.  Quoted  by  Jameson,  Portland  Cement,  p.  177. 

2.  Quoted  by  Smith,  Mineral  InduKtry,  vol.  1,  p.  fiO. 

3.  DiamfHid  bnincl.    Haa.s  and  MeCiraw.  uiialy.sis.    Engineering  News,  April  30, 

4.  Star  brand.    Haas  and  McGraw,  annlysUs.    Ibid. 

5.  liortl,  analyst.     Kept.  Ohio  Geol.  Survey,  vol.  (J,  p.  674. 

6.  Hiilme  8tar  brand.    Quoted  by  Cummings,  American  Cement*,  p.  ;J5. 

7.  Kern  lA'af  brand.    Quoted  by  Curamings.    Ibid. 

8.  Average  of  preceding  seven  analyses. 
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NATURALi-CBMENT  RESOITKCES  OF  KAKSAS. 

The  natural  cement  district  of  Kansas  is  located  around  Fort  Scott, 
where  a  4i-foot  bed  of  natural  cement  rock  outcrops.  The  rock  is  a 
dark-colored,  fine-grained,  compact  limestone  of  Carboniferous  age. 
It  extends  for  a  considerable  distance  throughout  the  State,  but  has 
been  worked  for  natural  cement  only  in  the  immediate  vicinity  of 
Fort  Scott, 

Analyaes  of  natural-cement  rock,  Fort  Scott,  Kans. 


Silica  (SiOa) 

Alumina  ( AljOg) 

Iron  oxide  (Fe^Oa)  .. 

Lime  (CaO) 

Mai^nesia  (MgC)) 

Carl)on  dioxide  (C(\) 


1.  Smith.  Mineral  Industry,  vol.  1.  p.  49.     . 

2.  Brown,  (Vraent  Directorv,  2d  ed.,  p.  276. 

3.  RichurdNon,  Brickbuilder.  July.  1.H97. 

4.  Average  of  preceding  three  analyses. 


15.  21 

4.56 

n.  d. 

36. 52 
5.07  I 

34.27  I 


17.26 
2.05 
5. 45 

34.45 
5.28 

32. 87 


S 

21.80 
3.70 
3.10 

1^5.00 
3.50 

3:^.00 


18.09 
3.44 
4.27 

35.  32 
4.  ti2 

Xi.  38 


KCKKL,]  MARYLAND    AND    WEST   VIRGINIA.  843 

Two  types  of  kilns  are  in  use  in  the  Fort  Scott  district,  Kansas. 
The  more  common  type  is  cylindrical,  10  to  12  feet  in  diameter  and 
30  to  40  feet  in  total  height.  The  lower  10  feet  or  so  is  of  stone,  on 
which  is  set  the  kiln  proper.  This  is  constructed  of  one-sixteenth  inch 
sheet  iron,  lined  with  successive  layers  of  coal  ashes,  clay,  common 
brick,  and  fire  brick.  These  kilns  are  drawn  daily,  and  yield  60  to  76 
barrels  of  cement  each  a  day.  The  fuel  used  is  slack  coal,  either 
Arkansas  semibituminous  from  Poteau  or  Huntingdon  or  a  very  sul- 
phurous local  coal  which  underlies  the  cement  rock  at  Fort  Scott. 
The  coal  is  fed  with  the  rock,  and  is  used  at  the  rate  of  30  to  36 
pounds  per  barrel  of  cement,  equal  to  a  fuel  consumption  of  11.3  to 
13.2  per  cent  of  the  weight  of  cement  produced.  At  a  three-flame 
kiln  the  burning  is  managed  by  five  men — two  feeding  and  three  draw- 
ing the  kilns. 

At  one  of  the  Fort  Scott  plants  four-flame  kilns  are  also  in  use. 
These  have  separate  fire  places,  so  that  the  fuel  and  cement  do  not 
come  into  contact.  Lump  coal  must  be  used  for  these  kilns,  and  they 
are  said  to  be  more  expensive,  both  in  labor  and  fuel,  than  the  type 
above  described. 

AnalyuM  ofiuUurcU  cements,  Fort  Scott,  Kans,^ 
Silica  (SiO,) \ 23.32 

Alumina  (AlA) ^-^ 

Iron  oxide  (Fe^O,) 5.97 

Lime  (CaO) 63.96 

Magnesia  (MgO) 7.76 

Carbon  dioxide  (CO,) 1  2  qo 

Water f 

NATITRAL.-CEMENT  RESOURCES  OF  MARYI^XD  XSJy  WEST 

VIRGINIA. 

The  natui^al-cement  industry  of  Maryland  has  been  carried  on  in 
three  separate  areas.  One  of  these  areas  includes  the  old  plants  at 
Antietam  and  Shephei-dstown.  The  other  two  areas  include  respec- 
tively the  plants  at  Cumberland  and  Potomac,  in  Allegan}^  County, 
and  that  at  Round  Top,  or  Hancock,  in  Washington  County.  In  both 
of  these  areas  the  limestones  used  are  of  the  same  geologic  age  and 
approximately  of  the  same  composition,  so  that  they  will  be  described 
together. 

In  geologic  age  the  natural-cement  rock  of  the  Cumberland-Hancock 
district  corresponds  closely  to  that  used  in  the  various  New  York  dis- 
tricts, being  assigned  by  geologists  to  the  Salina  group  of  the  Silurian. 
It  is  a  shaly  limestone,  varying  in  color  from  dark  bluish  gray  to  dull 
black.  In  the  Cumberland  area  it  is  exposed  in  four  beds  of  sufficient 
thickness  to  be  worked,  these  cement  beds  being  separated  by  shales 
and  limestones.    The  separate  beds  vary  from  0  to  17  feet  in  thickness. 

aBruckett'H  Dutble  Star  brand.    Quoted  by  Ciimmings,  American  Cement8,  p.  3r>. 
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Analyses  of  natural-cement  rockSf  Cumberland  and  Hancock^  Md. 

3 


Silica  (SiO,) 

Alumina  (AljOj) 

Iron  oxide  ( FejOj) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkalies  (Na,0,K.,0).. 
Sulphur  trioxide  (SOj) 
Carbon  dioxide  (CX)j) . 
Water 


a  Data  inBUfficient  for  averaglu)?. 

1.  Hancock,  Md.    C.  Richardson,  analyst.    Brlckbuilder,  July,  1897. 

2.  Cumberland,  Md.    E.  C.  Boynton,  analyst.    Quoted  by  Gillmore,  Limes,  C-emcnts,  and  Mortars, 
p.  125. 

3.  Hancock,  Md.    C.  Hiise,  analvst.    Quoted  by  Olllmorc.    Ibid. 

4.  Cumberland,  Md.    C.  Richardson,  analyst.   -Brlckbuilder,  July,  1897. 

5.  Average  of  preceding  four  analyses. 

Analyses  of  natural  cements,  Cumberland  and  Hancockj  Md. 


Silica  (SiOj) 

Alumina  ( AljO,) . . . 
Iron  oxide  (FeaOj) . 

Lime  (CaO) 

Magnesia  (MgO) . . . 


1 

25.70 

2 

28.02 

8 

4 

6 

6 

28.30 

28.36 

28.  38 

30.02 

12.28 

10.20 

10.12 

9.85 

11.71 

13. 55 

4.22 

8.80 

4.42 

3.07 

2.29 

3.00 

52.69 

44.48 

49.60 

45.04 

43.97 

44.58 

1.44 

1.00 

3.76 

2.82 

2.21 

2.76 

36.60 
14.58 

5.12 
37. 50 

2.73 


29.34 

11.76 

4.42 

45.41 


1.  Cumberland,  Md.    A.  W.  Dow,  analyst.    Mineral  Industry,  vol.  6,  p.  96. 

2.  Hancock,  Md.    Quoted  by  Cummings,  American  Cements,  p.  36. 

3.  Cumberland,  Md.    A.  W.  Dow,  analyst.    Mineral  Industry,  vol.  6,  p.  96. 

4.  Hancock,  Md.    A.  W.  Dow,  analyst.    Ibid. 

5.*Cuml)erland,  Md.    Quoted  by  ('ummings,  American  Cements,  p.  36. 

6.  Hanco(^k,  Md.    A.  W.  Dow,  analyst.    Mineral  Industry,  vol.  6,  p.  96. 

7.  Cumberland,  Md.    A.  W.  Dow.  analyst.    Ibid. 

8.  Average  of  preceding  seven  analyses. 

NATURAIi-CEMENT  RESOURCES  OP  MINNESOTA. 

Two  natural-cement  plants  are  in  operation  in  Minnesota.  One  of 
them  is  located  at  Mankato,  Blue  Earth  County,  and  uses  a  limestone 
of  Lower  Magnesian  (Ordovician)  age.  The  following  analyses  of  the 
raw  material  used  at  this  plant  have  been  published: 

Analyses  of  naiural-cement  rock  from  UankaiOy  Minn. 


Silica  (SiOs) 

Alumina  ( AljOj,) 

Iron  oxide  (Fe,^Os) 

Lime  (C^O) 

Magnesia  ( MgO) 

Alkalies  (KANa^O).. 
Sulphur  trioxide  (SO3) 
Carlx)n  dioxide  (COJ  . 


1 

2 

16.00 

12.14 

5.85 

4.62 

2.73 

1.84 

22.40 

22.66 

14.99 

16.84 

.76 

3.52 

n.  d. 

.13 

34.11 

39. 07 

8 


10.10 
2.78 
1.34 

25.  96 

14: 91 

3.50 

.26 

41.29 


16.80 

8.76 

Tr. 

22.20 

11.99 

4.75 

.22 

35.90 


8.90 

3.30 

1.02 

24.85 

18.49 

1.53 

.18 

41.80 


6 


11.80 

3.46 

Tr. 

24.64 

16.61 

2.59 

.22 

40.85 


1.  ('.  F.  Sidener,  nnnlyst.    Eleventh  Ann.  Rept.  Minn.  (Jeol.  Survey,  p.  179. 
2-6.  (/lifford  Kichurdson,  analyst.    Cement  Directory ,  p.  2U(i. 
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The  following  analysis  of  the  rock  used  by  a  natural-cement  plant 
at  Austin  has  also  been  published. 


59 


Analysis  ofnaturai  cement  rock  from  Austiji,  Minn. 

Silica  (SiO,) X 

Alumina  (Al A) :....;^*'- 

Iron  oxide  (FA) .2.09 

Lime(CaO)  27.55 

Magnesia  (MgO) 13.80 

Sulphur  trioxide  (SQs) 06 

Carbon  dioxide  (CO,) 36.84 


NATURAIi-CEMENT  RESOURCES  OF  NEW  YORK. 

In  the  State  of  New  York  natural  cement  is  now  manufactured  in 
four  distinct  localities.  These  are,  in  order  of  importance,  (1)  the 
Rosendale  district  in  Ulster  County,  (2)  the  Akron-Buffalo  district  in 
Erie  County,  (3)  the  Fayetteville-Manlius  district,  mostly  in  Onon- 
daga County,  and  (4)  Howes  Cave,  in  Schoharie  County. 

The  clayey  limestones  used  in  these  four  districts  occur  in  three 
different  but  closely  related  geological  formations,  all  in  the  Upper 
Silurian  group.  The  sequence  and  relation  of  these  formations,  from 
the  top  downward,  is  shown  in  the  following  table: 


Formation. 


Manlius     limeRtone 
(cement  rock). 


Rondout    limestone 
(cement  rock). 


Cobleskill  limestone 
(not  used  for  ce- 
ment). 

Bertie  limestone  (ce- 
ment rock). 


Ulster  County 


Upper  cement 
bed  of  the 
Rosendale 
district. 


Schoharie 
County. 


Worked  for 
cement  at 
Howes 
Cave. 


Lower  cement 
lx»d  of  the 
Rosendale 
district. 


Onondaga 
County. 


Worked  for 
cement  at 
Manlius, 
etc. 


Present  in 
Onondaga 
County  but 
rarely  used 
for  cement. 


Erie  County, 


Absent. 


Absent. 


Worked  for 
cement  at 
Akron  and 
Buffalo. 


For  convenience,  those  districts  will  be  described  not  in  the  order  of 
their  relative  importance,  but  in  geogmphic  order,  from  east  to  west. 


ROSENDALE   DISTRICT. 


Rosendale  district  lies  entirely  in  Ulster  County,  the  principal 
cement-rock  quarries  being  located  at  East  Kingston,  Rondout,  Rosen- 
dale, Burnewatcr,  Laurenceville,  and  High  Falls.     Two  distinct  beds 
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are  worked  at  most  of  these  points,  differing  in  chemical  composition 
as  well  as  in  geological  age.  Darton  states^  that  at  Rosendale  the 
lower  bed,  or  dark  cement  rock,  averages  about  21  feet  in  thickness, 
and  the  upper,  or  light  cement  rock,  about  11  feet,  the  two  cement  beds 
being  here  separated  by  14  or  15  feet  of  worthless  limestone.  The 
lower  bed  lies  directly  on  the  Clinton  quartzite,  the  even  upper  sur- 
face of  which  affords  an  admirable  floor  for  the  galleries.  For  about 
18  inches  at  the  bottom  the  dark  cement  rock  is  too  sandy  for  use. 
With  this  exception,  and  a  few  small  layers  of  chert,  it  is  all  available. 
At  Whiteport  the  upper  bed  is  12  feet  thick  and  the  lower  18  feet, 
while  they  are  separated  by  17  to  20  feet  of  limestone. 

Analyses  of  natural-cement  rocky  Rosendale  districty  New  York, 


Silica  (SiOJ 

Alumina  ( AlaOj) 

Iron  oxide  (FejOs) 

Lime  (CaO)  

Magnesia  (MgO) 

Alkalies  (K A Na^O) 

Sulphur  trioxide  (SOs) 

Carbon  dioxide  (CO,) \  .'57. 90 

Water n.  d. 


8 


18.11  18.76 

4. 64  8.  34 

3.00  1.85 

24.30  25.96 


9.13 

2.25 
25.50 
12.35   14.26   11.00 


n.  d. ' 
n.  d. 'Trace. 
34.  20l  34. 01 
1.20!    n.d. 


n.  d. 

I.:i5 

32.00 

u.  d. 


21.32 
7.39 

1.71 
23.  75 
11.07 

n.  d. 
^  1.90 
30.  74 

n.d. 


6 


21.41 

|lO.  09 

25.80 

10.09 

n.d. 

.66 


\m,  93 


23. 

r" 

I  4.7 

22. 

12. 

n. 

• 

(31. 
I  n. 


80  18.52 
17  6.34 
71'  2.63 
27'  25.31 
09  12.13 
d.  n.  d. 
90!       .90 

oo!]  ^ 
, ,  m.  31 

d.  i 


1.  Lawrenceville.    J.  O.  Hargrove,  analyst.    Letter  to  writer,  Ot^tober  4, 1900. 

2.  Rondout.    L.  C.  Beck,  analyst.    Mineralogy  of  New  York,  p.  78. 
3-6.  Lawrenceville.    J.  O.  Hargrove,  analyst.    Letter. 

6.  Rosendale  district.    C.  Richardson,  analyst.    Brickbuilder,  July,  1897. 

7.  Lawrenceville.    J.  O.  Hargrove,  analyst.    Letter. 

8.  Average  of  preceding  seven  analyses. 

In  the  Rosendale  district  cylindrical  kilns  are  used.  These  vary 
from  8  to  12  feet  in  diameter  and  from  20  to  36  feet  in  height.  A 
kiln  fed  with  one-half  ton  of  anthracite,  pea  size,  will  give  75  to  80 
barrels  of  cement  a  day.  This  is  equivalent  to  a  fuel  consumption 
of  about  7  per  cent  on  the  weight  of  cement  produced.  From  one- 
fifth  to  one-third  of  the  total  product  of  the  kiln  may  be  overburned 
clinker  or  underburned  rock.  This  item,  liowever,  depends  largely 
upon  the  skill  of  the  burners,  though  it  is  also  affected  by  uncontroUa- 
l)le  factors,  such  as  temperature,  weather  conditions,  force  and  direx*- 
tion  of  the  wind. 


aTbirtcenth  Ann.  Rept.  X.  Y.  StaU'  Geologist,  vol.  1,  1894,  p.  334. 


ECKBL.1 


NEW    YOKK. 


347 


Analyses  of  natural  cements,  Rosendale  district^  Nev)  York, 

« 

Numbi^r. 

Silicn 
(SiOa). 

25.91 
27.  98 
24.30 
27.75 
30.84 
29.00 
30.  50 
24.  42 
22.77 
17.17 
21.73 
27.30 
29.98 
22.  75 
28.87 

Alumina     ^^^^^ 

6.  20       3.  81 
7.28       1.70 
7. 22       6.  06 

5.  50       4.  28 
7.75       2.11 

10.40 

6.  84       2. 42 
8.16       3.96 

Lime 
(CaO). 

Masr- 

neaia 

(MgO). 

20.92 
15.00 
20.94 
21.18 
17.77 
19.  92 
18.00 
16.93 
21.85 
19.13 
21.20 
18.00 
17.80 
16.65 
18.95 

Alkalies 

(KaO. 

NagO). 

n.  (J. 

7.96 

n.  d. 

Tr. 
4.00 
n.  (1. 
3.98 
n.  d. 
3.63 

Tr. 

2.99 

6.80 

7.10 

n.  d. 

Sulphur 
trioxide 

(SO;,). 

n.  d. 
n.  d. 
n.  d. 
0.50 
n.  d. 
n.  d. 
n.  d. 
n.  d. 
1.44 
1.20 
n.  d. 
n.  d. 
n.  d. 
n.  d. 

Carbon 
dioxide 

(COs). 

Water. 

1 

34.62 
37.59 

33.  70 
35.61 

34.  49 
32.35 

;m.38 

36.30 
34.54 
48.28 
33.77 
35. 98 
33.23 
37.60 
35. 89 

5.09 

2.80 

2 

2.49 

3 

n.  d. 
4.06 

n.  d. 

4 

n.  H. 

5 

3.04 

6 

7 

n.  d. 
3. 
n.  d. 
2.84 
3.38 
n.  d. 

n.  d. 
78 

8 

n.  d. 

9 

10.43 
10.80 

1.59 

10 

n.  d. 

11 

11.18 
7.14 
6.88 

13.  40 
7.96 

4.14 
1.80 
2.50 
3.30 
3.19 

n.  d. 

12 

2.98 

13 

3.13 

14 

5.00 

1.36 

15 

1.  •'  F.  O.  Norton."    Private  communication. 

2.  '*  F.  O.  Norton."    C'ummings,  American  Cements,  p.  35.  ' 

3.  "  F.  O.  Norton."    Lewis,  Mineral  Industry,  voj.  6.  p.  96. 

4.  Beach'.s.    J.  O.  Hargrove,  analyst:  Private  communication. 

6.  Brookl^'n  Bridge.    (Uimmings,  American  Cements,  p,  35.  , 

6.  Ijawrenccville.    A.  W.  Dow.  analyst.    Mineral  Industry,  vol.  6,  p.  96. 

7.  Newark  Lime  and  (Vment  Company.    CiimmingK.    American  Cements,  p.  35. 

8.  "Old  Newark."    Booth,  Garret t  &  Blair,  analysts.    Mineral  Industry,  vol.  6,  p.  96. 

9.  "  I-iawrenee,"  Rosendale  ('ement  ('ompany.    Mineral  Resources  Cnited  States  for  1883-4. 

10.  '•  HotTnian."  I^wnMice  (dement  Company.'    Ibid,  (very  exceptional  analysis). 

11.  "Hoffman,"  Lawrence  Cement  Comi>auy.    Haas  <&  McGraw,  analysts,  Engineering  News,  April 

30,  1H96. 

12.  "  Hoffman,"  I.«awrence  Cement  Company.    Cummings,  American  Cements,  p.  35. 

13.  "  Rock  Lo<;k."    Cummings.    Ibid. 

14.  Rondout.    L.  C.  Beck,  analyst.    Mineralogy  of  New  York,"  p.  78. 
16.  Average  of  preceding  fourteen  analyses. 

HOWES   CAVE. 


In  the  region  north  and  northwest  of  the  Rosendale-Rondout  district 
no  natiii*al  cement  phints  are  to  be  found  until  Schoharie  County  is 
reached.  Here,  at  Howes  Cave,  a  single  plant  has  long  been  engaged 
in  the  manufacture  of  cement  from  a  7-foot  bed  of  rock. 

Analyses  of  natural  cement  rock,  Schoharie  County,  N.  Y. 


Silica  (SiO,) 

Alumina  ( Al./).,) 

Iron  oxide  (Fe/XJ  . . . 

Lime(CaO) 

Magnesia  (M^)) 

Carlx)n  dioxide  (00^) 


12.89 
15 


I  11. 


r,0. 90 

9.38 

34.60 


9.92 

n.  d. 

n^d. 
38. 26 

9.00 
39. 96 


) 


s 

11.50 

1.50 
31.75 
14.91 
40. 34 


1.  Bottom  of  cement  ]x;d,  Howes  Cave.    C.  O.  Schaeffer,  analyst.    Eighteenth  Ann.  Rept.  N.  Y. 
State  Geologist,  p.  69. 

2.  Top  of  cement  l>ed,  Howes  (^ave.    C.  (>.  Schaeffer,  analyst.    Eighteenth  Ann.  Rept.  N.  Y.  State 
Ger>lr»gist,  p.  69. 

3.  Howes  Cave.    L.  C.  IJe<,'k,  analyst.    "  Mineralogy  of  New  York,"  p.  79. 
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The  following  anal^^sis  is  of  the  natumi  cement  made  at  Howes 
Cave  by  the  Helderberg  Portland  Cement  Compan}'^: 

Analysis  of  mtiural  cetnent,  Schoharie  County,  N.  Y. 

Silica  (SiO,) 26.54 

Alumina  ( AljOg)  . .  .• i 

Iron  oxide  (Fe,Os) ' /  ^'^^ 

Lime(CaO) 45.30 

Magnesia  (MgO)..... 17.06 


CENTRAL  NEW   YORK. 

The  cement  industry  in  central  New  York  is  at  present  practically 
confined  to  Onondaga  County,  though,  as  a  matter  of  historical  interest, 
it  may  be  noted  that  the  first  natural  cement  made  in  the  United  States 
was  manufactured  in  1818  in  Madison  County. 

The  natural-cement  rock  of  this  central  district  occurs  in  two  beds, 
which  are  usually  separated  by  1  to  4  feet  of  blue  limestone.  The 
upi^r  cement  bed  is  a  little  over  4  feet  thick  at  the  eastern  border  of 
Onondaga  County,  becoming  thinner  to  the  west  until  it  pinches  out 
entirely  in  the  Split  Rock  quarries,  but  reappearing  again  at  Marcellus 
Falls,  where  it  is  almost  3  feet  thick,  and  showing  a  thickness  of 
slightly  over  4  feet  at  Skaneateles  Falls.  At  this  point  it  is  separated 
from  the  lower  cement  bed  only  b}^  a  shaly  parting  a  few  inches  thick, 
so  that  the  two  are  worked  together  as  practically  one  bed,  9^  feet 
thick.  The  lower  bed  is  less  variable  in  thickness,  ranging  from  4  to 
a  trifle  over  6  feet. 

Th6  entire  cement  series  is  overlain  by  purer  limestones,  but  the 
cement  rock  quarries  are  usually  located  at  points  where  these  over- 
lying limestones  are  thin  and  can  be  readily  stripped. 

Aiudyses  of  nalural-cement  rock,  central  New  York. 


Silica  (SiOa) 

Alumina  (AljOg) 

Iron  oxide  (FejOj) . . . 

Lime  (CaO) 

Magnesia  ( MgO ) 

Carbon  dioxide  (CO^) 
Water 


10.97 

4.46 

1.64 

27. 51 

16.90 

37.  94 

n.  d. 


8 


10.95 

5.32 

1.30 

30. 92 

13.64 

38.  31 

n.  d. 


'} 


13.50 

1.25 
25.  24 
18.80 
39.80 

1.41 


{ 


8.95 

4.90 

1.75 

27.35 

16.70 

38.65 

1.70 


11.76 

2.73 

1.50 

25.00 

17.83 

39.  33 

1.50 


6 


10.66 

4.35 

1.47 

27.20 

16.77 

38.81 

1.53 


1.  ITpper  cement  bed,  E.  B.  Alvord  quarry,  JamoMville,  Onondaga  County.    Bull.  44,  N.  Y.  State 
Mus.,  p.  806. 

2.  Lower  cement  bed,  E.  B.  Alvord  quarry,  Jamesville,  Onondaga  County.    Bull.  44,  N.  Y.  State 
Mus..  p.  m). 

3.  One  and  one-half  miles  west  of  Manlius,  Onondaga  County.    L.  C.  Beck,  analyst.    "Mineralogy 
of  New  York."  p.  81. 

4.  One  and  one-half  miles  southwest  of  Chittenango,  Madison  County.    L.  C.  Beck,  analyst.    "  Min- 
eralogy of  New:  York,"  p.  80. 

5.  Chittenango,  Madison  (bounty,    SeylKjrt.  analyst.    Trans.  Am.  Philos.  S<xj.,  vol.  2,  n.  a.,  p.  229. 

6.  Average  of  preceding  five  analyses. 
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The  kilns  in  the  central  New  York  district  are  described**  as  egg- 
shaped,  10  feet  in  diameter  at  the  top,  12  feet  at  the  middle,  and  3^ 
feet  at  the  bottom,  with  a  height  of  28  to  42  feet.  There  are  usually 
several  kilns  built  together  in  an  embankment  of  very  heavy  masonry, 
so  constructed  against  a  hillside  that  the  raw  material  can  be  conven- 
iently conveyed  there  from  the  quarry  and  the  burned  cement  easily 
removed  from  the  bottom  of  the  kiln.  The  kilns  are  built  of  lime- 
stone and  lined  either  with  sandstone  or  fire  brick. 

When  a  kiln  is  ready  to  be  tilled  a  cord  of  dry,  hard,  4-foot  wood  is  pat  into  the 
bottom  and  covered  4  inches  deep  with  coarse  anthracite  coal,  then  a  layer  1  foot 
thick  of  cement  rock,  succee<led  by  another  layer  of  coal,  partly  coarse  and  partly 
fine.  This  is  repeated  till  the  kiln  is  tilled  to  the  top,  which  required  about  10  tons 
of  coal  and  15  cords  of  stone,  equal  to  1,500  bushels  of  cement.  Then  the  fire  is 
started  at  the  bottom  and  gradually  works  its  way  upward  until  the  whole  mass  is 
glowing  with  heat.  After  two  or  three  days  the  gate  or  door  in  the  bottom  is  opened 
and  through  it  the  burned  cement  rock  is  drawn  to  the  amount  of  250  to  300  bushels 
per  day,  fresh  coal  and  rock  l>eing  constantly  added  to  keep  the  kiln  full  to  the  top. 
One  cord  of  cement  rock  makes  100  bushels  of  cement. 

Analyses  of  natural  cements,  central  New  York. 


Silica  (SiO,) 

Alumina  ( AljOj) 

Iron  oxide  (Fe,Os) 

Lime(CaO) ;    47.48 

Magnesia  (MgO) I    18.55 


20.  ;w 


I  13.67 


t 

8 

4 

1H.56 

35.43 

24.10 

10.77 

9.92 

11.45 

39.50 

33.67 

40.22 

22.27 

20.98 

20.60 

1.  Brown  Cement  Co.,  Manlius,  OnondA^  County.    W.  M.  Smith,  analynt.    Twentieth  Ann.  Rept. 
U.  S.  <ieol.  Survey,  ]>t.  6,  p.  428. 

2.  NearChittenanKo,  MadiHon  County.    L.  C.  Beck,  nnalynt.    "Mineralogy  of  New  York,"  p. 80. 

3.  South  of  Utica,  Oneida  (bounty,    (iillmorc,  "Limos  Cementit,  and  Mortan,"  p.  125. 

4.  Average  of  preceding  three  analyses. 


AKRON-BUFFALO   DISTRICT. 

Ill  Erie  County  natural-cement  plants  have  long  been  established  at 
Akron  and  Buffalo.  The  bed  of  cement  rock  used  varies  in  thickness 
from  5  to  8  feet.  It  is  a  firm,  fine-grained,  compact  rock  of  a  blue- 
gray  color,  weathering  to  a  yellowish  white.  The  Buffalo  plant  works 
its  cement  rock  by  quarr^'ing  methods,  stripping  off  the  overlying 
limestones,  but  the  plants  at  Akron  all  obtain  their  raw  material  by 
mining. 

None  of  the  analyses  given  below  are  entirely  satisfactory.  Accord- 
ing to  Mr.  Uriah  Cummings  these  analyses  represent  the  composition 
of  a  bed  of  limestone  occurring  in  the  same  quarries  with  the  cement 
rock,  but  not  actually  used  for  cement. 


a  Luther,  D.  D.    The  economic  geology  of  Onondaga  County,  N.  Y.    Fifteenth  Ann.  Rept.  N.  Y. 
State  Geologist,  vol.  1,  pp.  241-303.    1897. 
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Analyses  of  natural-Yemeni  rocks,  Akron-BuffcUo  district ^  New  York, 


Silica  (SiO,) 9.03 

Alumina  (AlA) 2.25 

Iron  oxide  (FcjOs) .85 

Lime  (CaO)  ,  26.$4 

Magnesia  (MgO) 18.37 

Alkalies  (KA  Na,0) '  .85 

Sulphur  trioxide  (SOg) ,  n.  d. 

Carbon  dioxide  (COa) ,  40.33 

Water '  .98 


} 


} 


10.68 

4.61 

25.65 
17.93 
n.  d. 
n.  d. 

41.13 


{ 


8 


«33.80 
3.96 
.88 
19.93 
9.17 
n.  d. 
.50 

25.90 


9.85 

3.10 

.87 

26. 25 

18. 15 


a  Called  "  Silica,  clay,  and  insoluble  silicates." 

1.  G.  Stelger,  analyst.    Bulletin  U.  S.  Geol.  Survey,  No.  168. 

2.  Lathbury  and  Sptickmaii,  analysts.    Letter  from  mannfacturera  to  writer,  1901. 

3.  £.  Boynton,  analyst.    Gillmore,  Limes,  Cements,  and  Mortars,  p.  125. 

Mr.  Heinrich  Ries  states  that  two  types  of  kilns  are  in  use  at  the 
Cummings  plant  at  Akron,  Erie  County,  N.  Y.  Of  17  kilns  in  use 
there  at  the  time  of  his  visit  8  were  of  rectangular  cross  section,  9  by 
22  feet  in  area,  with  a  height  of  34  feet.  The  remaining  9  were  cir- 
cular in  cross  section,  with  a  diameter  of  9  feet  and  a  height  of  34 
feet. 

The  crushing  practice  at  the  Cummings  plant  at  Akron,  N.  Y.,  is 
stated **  to  include  the  following  processes: 

At  this  works  a  general  system  of  reduction  is  used,  consisting  of  (1)  Sturtevant 
crushers,  (2)  Cummings  pulverizers,  (3)  ten  run  of  42-inch  underrunner  millstones 
faced  with  chilled-iron  plates,  and  (4)  ten  run  of  42-inch  Esopus  underrunner  mill- 
stones. The  material,  as  it  is  conveyed  from  one  to  another  of  the»e  sets  of  crushers, 
is  made  to  pass  over  screens,  whereby  such  material  as  has  been  reduced  to  proper 
fineness  is  separated  from  the  mass  and  is  spouted  to  a  general  conveyor,  which 
finally  receives  the  product  from  all  the  grinding  machines  and  conveys  it  to  the 
packing  house. 

Each  set  of  crushers,  while  it  furnishes  a  certain  percentage  of  fin- 
ished product,  reduces  the  entire  material  to  such  fineness  that  what 
is  fed  to  the  fourth  series  is  about  the  size  of  wheat  kernels  and  »very 
hard  to  reduce.  These  harder-burned  portions  make  a  cement  which 
has  a  nmch  higher  tensile  strength  than  the  normally  burned  product. 

The  practice  at  the  Buffalo  plant,  in  Erie  County,  N.  Y.,  is  thus 
described  by  Ries: 

Both  the  normally  burned  and  the  dinkered  material  are  fed  into  the  grinding 
machinery.  The  first  set  of  machines  are  Stedman  disintegrators,  and  the  product 
from  these  is  passe<l  over  a  screen,  all  that  passes  through  representing  the  normally 


aRie8,  H.    Lime  and  Cement  InduHtries  of  Ne\v  York,  Bulletin  44,  New  York  State  Museum,  pp. 
836-837. 
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burned  cement  rock.  The  clinkers  which  are  not  broken  fine  enough  by  the  disin- 
tegrators to  pass  the  screen  are  conveye<i  to  a  Griffin  mill,  where  they  are  ground  to 
make  ** Portland"  cement. 

Analyws  of  mttural  cemenlJt,  Akron-Buffaio  diMrict,  New  Y&rk, 


S 


Silica  (SiO,)... 17.14   22.70  22.62   26.69 


7.21 
1.30 


Alumina  (AlA) 7.61  |i  r7.44 

Iron  oxide  (Fe^Oj)  ..J  2.00  jr*        11.40 

Lime  (CaO) 'm.m  36.31    40.  ()8  43.12 

Magnenia  ( Mg< )) 25.  00   25.  72   22. 00  ;19. 55 

Alkalies  (K,(),  Na,0) .  3.64 
Carlnm  dioxide  (COj).;  n.  d. 
Water 


n.  (1.  ) 
n.  d.  ) 


n.  d. 
00 


2.23 
3.63 


1.13 
1.00 


6 


24.30  26.69  |33.  80 
2.61  '7.21  !  4.66 
6.20  '  1.30  ] 

39.45  53.12  52.28 


6.16 
5.30 

15.23 


9.  55 
1.13 


9.26 


1.  "  Union  Akron"  brand.    Haas  and  McGraw.  analysU*.    EnKinoerlng  Newfi,  April  30, 1896. 

2.  *' Buffalo  Portland"  brand.    Lonl.  analvHt.    ReF)ort  Ohio  (Jooloincal  Survey,  vol.  6,  p.  674. 

3.  "Newman  Akron"  bnind.    Quoted  by  CumminKH.    American  Cements,  p.  35. 

4.  "Obelisk"  brand.    Quoted  by  CunnnlnKi*-    Ibid. 

5.  "Buffalo  Hydraulic"  brand.    Quoted  by  Cummings.    Ibid. 

6S.  Quoted  by  Uriah  Cummitigs  in  letter  to  writer,  January  30, 1901,  as  analyses  of  various  cements 
made  at  Akron.    Compare  No.  6  with  No.  4. 
9.  Average  of  analyses  Noh.  1,  2,  3,  and  4. 


XATURAL-CEMKNT    RK80URCE8    OF    NORTH    DAKOTA. 

The  single  natural-cement  plant  operating  in  this  State  is  located 
about  10  miles  east  of  Milton,  Cavalier  County.  The  rovk  used  is  a 
soft,  chalky  limestone  of  Cretaceous  age,  and  outcrops  in  a  bluff  sev- 
eml  hundred  feet  high.  At  present,  however,  only  a  10-foot  bed  is 
being  worked  by  mining. 

AnalywH  of  natural  cement^  North  Dakota, 


Silica  (SiO,) 

Alumina  (A1,0,) ... 
Iron  oxide  (FCjOj) . 
Lime  (CaO) 


24.62    23.60 


|l5. 12 


1 6.  50 


52.30    51.40 


8 

4 

5 

24. 40 

6 

24.40 

7 

24.06 

H 

24.46 

23.90 

24.72 

15.90 

15.00 

15.26 

15.  38 

15.00 

15.  30 

51.40 

51.30 

52.  07 

51.96 

51. 96 

52.37 

• 


1-8.  Analyses  of  natural  cemimt,  Pembina  Cement  (Company,  Milton,  N.  Dak. 
9.  Average  of  preceding  eight  anal y Men. 

At  the  Pembria  plant  a  kihi  40  feet  high  and  10  feet  in  external 
diameter  is  used.  The  shell  is  of  one-eighth-inch  No.  14  boiler  iron. 
The  kiln  space  is  broadest  at  the  top,  narrows  down  to  a  throat  about 
6  feet  in  diameter,  below  which  it  again  enlarges,  reaching  almost  to 
the  kiln  shell  at  15  feet  above  the  base.     Below  this  it  is  again  some- 
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what  contracted  to  the  drawing  level.  The  kiln  space  is  lined  with  8- 
inch  fire  brick,  and  the  space  between  these  brick  and  the  kiln  shell  is 
filled  with  ashes.  This  kiln  produces  about  60  barrels  of  265  pounds 
each  a  day,  with  a  fuel  consumption  of  1  ton  of  Youghiogheny  slack. 
Lignite  slack,  mixed  half  and  half  with  Youghiogheny  slack,  has  been 
used  at  times,  and  apparently  gives  almost  as  good  results  as  the  bitu- 
minous slack  alone.  About  10  per  cent  of  the  total  product  is  under- 
burned  or  clinkered.  This  record  is  about  equivalent  to  a  fuel  con- 
sumption of  40  pounds  per  barrel,  or  15.1  per  cent  on  the  weight  of 
cement  produced.  This  is  rather  high  fuel  consumption  for  natural 
cement;  but,  on  the  other  hand,  the  product  is  of  peculiarly  high 
grade,  passing  most  Portland  standards. 

Arialygis  of  natural  cement  rock.  North  Dakota. 


SilicA(SiO,) 

Alumina  (AljQa) 

Iron  oxide  (FejOj) . . . 

Lime  (CaO) 

Sulphur  trioxide  (SOj) 
Sulphur  (S) 


14.00 
}o.  70 


37. 

.58 

1.45 


16.60 
7.10 


6035 


l50 

.60 

1.38 


13. 10 

7.60 

37.  80 
n.  d. 
n.  d. 


16.20 

7.56 

35.10 
n.  d. 
n.  d. 


16.54 

8.20 

35.20 
n.d. 
n.  d. 


6 

14.90 

8.28 

36.90 
n.  d. 
n.  d. 


15. 24 

7.26 

36.  70 

.40 

1.99 


8 


9 


19.2017.36 


8.90 

32.60 
n.  d. 
n.  d. 


8.78 


10 


16.00 


7.50 


;H.  90  35.  60 


n.d. 
n.d. 


.67 
1.61 


KATIIRAI.-CEMENT  RESOURCES  OF  OHIO. 

.  Small  natural-cement  plants  have  been  established  at  various  points 
in  Ohio,  those  at  Defiance  and  New  Lisbon  being  worthy  of  some 
notice.  The  Defiance  plant  used  a  black  calcareous  shale  of  Devonian 
age.  If  published  analyses  be  correct  (see  Nos.  1  and  2  in  the  follow- 
ing table),  this  rock  is  by  far  the  most  argillaceous  material  used  any- 
where for  this  purpose. 

Analyses  of  nalural'ccment  rocks,  Ohio. 


Silica  (SiO,) 

Alumina  (AljOj) 

Iron  oxide  (FcjOj) . . . 

Lime(CaO) 

Magnesia  (MgO) 

Carl)on  dioxide  (CO^) 
Water  and  organic 


1.  Defiance.    J.  E.  Whitfield,  analyst.    Bnll.  U.  H.  Geol.  Survey  No.  65,  p.  80. 

2.  Defiance.    R.  ('.  Kedzie,  analyst.    Oment  Directory. 

3.  Bellalre.    N.  W.  Lord,  analyst.    Ropts.  Ohio  (Jeol.  Survey,  vol.  6,  p.  673. 

4.  Waruock.    VVormley,  analy.st.    Rept.  Ohio  Geol.  Survey,  1870,  p.  4ol. 

6.  New  Lisbon.    N.  W.  Lord,  analyst.    Rept.  Ohio  Geol.  Survey,  vol.  6,  p.  673. 
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NATimAIi-OEMEXT   RK801JUCE8  OF  PENXHYI^VANIA. 

A  fairly  large  production  of  natural  cement  has  always  been  main- 
tained in  the  Lehigh  district  of  eastern  Fennsylv^ania,  though  at  pres- 
ent natural-cement  manufacture  there  is  merely  incidental  to  the  great 
Portland  cement  industry  of  the  district. 

The  analyses  following  purport  to  be  representative  of  the  rock 
used  at  v^arious  Lehigh  district  natural  cement  plants.  It  is  hardly 
necessary  to  sav  that  Nos.  1  and  3  are  absolutelv  unfit  for  such  use. 
No.  2,  on  the  other  hand,  is  quite  satisfactory.  It  is  regrettabfe  that 
these  very  untrustworthy  analyses  are  at  present  the  only  ones 
available. 

Amiltfsi's  of  natural-cement  rock,  Ijchigh  dust  net ,  Penuxylmnin. 


Silirii  (SiO,) 

Alumina  ( A  IjOg) 

In)ii  oxide  ( FexOj) . . . 

Liine(CaO) 

Maj^ncHia  ( MgO ) 

CarlK)!!  clioxide  (00,) 
AVater 


11.62 

I    6.25 

44.20 
1.27 

36.  11 
n.  d. 


t> 

a 

18.34 

27.77 

7.49 

14. 29 

37.60 

29.94 

1.38 

1.55 

31.06 
3.  94 

I  26.  30 

19.24 

9.34 

37.  25 
1.40 

32. 47 


1.  Sicgfric*!.  l*a.    Mineral  Indiistry,  vol.  1,  p.  19. 

2.  Coplay,  Pa.    Ibid. 

3.  U'hiKh  district.    Ouoto<l  by  C.  Richardson.    Brickbuilder,  July,  1897. 
■4.  AvuraKii  of  precoduiK  three  analyses. 

The  natural-cement  kilns  at  one  of  the  prominent  Lehigh  district 
plants  are  about  30  feet  in  height,  and  of  circular  cross-section.  Inter- 
nally they  are  almost  exactly  cylindrical,  being  10  feet  in  diameter  at 
the  top  and  9^  feet  in  diameter  at  the  base.  The  cement  rock  and  fuel 
are  fed  in  alternate  la}  ers,  the  fuel  being  anthracite  coal  broken  to 
about  one-half  inch  size.  From  35  to  50  pounds  of  coal  are  reciuired 
to  burn  one  l)arrel  (300  pounds)  of  cement,  corresponding  to  a  full 
consumption  of  11. f>  per  cent  to  16.7  per  cent  of  the  weight  of  cement 
produced. 

Analyses  of  natural  rementa^  Jjehigh  diMrict,  Pennsylvania.*^ 


Hilica  (SiOj) i     18. 18 


A  luiuina  ( AljC  )3 ) 

I  ron  oxide  ( FojC  )3 ) 

Lime  (CaO) 

Magnesia  (MgO) 

Alkaliea  (KA  Na^O). 
Sulphur  trioxide  (SO.,) 
Carl)on  dioxide  ( ( '( ).^ ) . 
Water 


I    9.78 

69.18  1 
1.98 
n.  d. 
n.  d. 
n.  tl.  .1 
n.  d.  If 


18.28 
7.43 

51. 53 
2.07 
1.50 
n.  d. 

16.26 


"Quott'd  l»y  Smith.    Mineral  Industry,  vol.  1,  p.  ijO. 
Bull.  243—05 23 
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NATURAL-CEMKNT  RESOURCES  OF  TEXAS. 

The  analysis  below  has  been  published*  as  representing  the  average 
of  the  material  used  in  making  natural  cement  by  a  Texas  natural- 
cement  plant.  It  is  obvious  that,  if  this  statement  be  correct,  the 
product  obtained  by  burning  a  rock  of  such  composition  can  not  be  a 
natural  cement  in  any  proper  use  of  the  term.  It  would,  in  fact,  be 
merel}^  a  ver}'  weak  hydraulic  lime. 

Analysis  of  nalurcU  cement  rock^  Texas. 

Silica   (SiO,) .' 5.77 

Alumina  (Al^O,) 2.14 

Iron  oxide  ( Fe,Oa) 

Lime   (CaO) 50.45 

Magnesia  (MgO) 28 

XATURAI^-CEMENT  RESOURCES  OF   VIRGINIA. 

For  many  years  natural  cement  has  been  burned  near  Balcony  Falls, 
Rockbridge  County,  Va.  The  rock  used  is  a  clayey  magnesian  lime- 
stone of  Cambrian  age,  closely  related  geologically  to  that  used  in 
West  Virginia,  and  described  below. 

Analyses  of  natural-cement  rock,  Vir^nia, 


'}'• 


80 


Silica  (SiO,) '  17.38 

Alumina  (AljC),) 

Iron  oxide  (FcjOs) 

Li  m  e  ( CaO ) ;U .  23 

Magnesia  ( MgO) 9. 51 

Carbon  dioxide  ( CO^ ) 30. 40 


2 


{ 


17.21 
Tr. 

1.62 
24.85 
16.58 
37. 95 


8 


17. :» 
6.18 
1.62 
29.54 
1.3. 05 
34.17 


1.  Balcony  Falls.    E.  C.  Boynlon,  analyst.    Gillmorc,  *' Limes,  Cementfl,  and  Mortars,"  p.  125. 

2.  Balcony  Falls.    C.  L.  Allen,  analyst.    "Tbe  Virginias,"  vol.  3,  p.  88. 

3.  Average  of  preceding  two  analyses. 

NATURAIi-ClEMKNT   IIE80URCT58   OF  WEST  VIRGINIA  AND 

MARY  J^  AND. 

A  wide  belt  of  magnesian  limestones  of  Cambrian  age  crosses  Mary- 
land into  the  eastern  part  of  West  Virginia.  Several  small  natui-al- 
cement  plants  have  been  established  at  various  times  in  this  district, 
particularly  near  Antietam,  Md.,  and  Shepherdstown,  W.  Va. 

NATITRAL.-CEMENT  RESOURCES  OF  WISCONSIN. 

Two  plants  in  Wisconsin  are  engaged  in  the  manufacture  of  natural 
cement  from  a  clayey  magnesian  limestone  of  Devonian  age.     These 


a  Twenty-second  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  8,  p.  787. 
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plants  are  located  north  of  Milwaukee,  near  the  lake.  The  cement 
rock  depovsit  is  very  thick  compared  to  most  deposits  of  similar  rock, 
a  quarry  face  22  feet  high  being  worked  by  the  Milwaukee  Cement 
Company. 

Analyses  of  naJturaJrceTnent  rockSf  Milwaukee  district^  Wisconsin. 


Silica  (SiO,) 

Alumina  ( AljOj) 

Iron  oxide  (Fe^Oj) . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO,) 


1 

9 

8 

17.00 

17.56 

17.56 

4.25 

1.41 

1.40 

1.25 

3.03 

2.24 

24.64 

25.50 

^  27. 14 

11.90 

15.45 

13.89 

32.46 

37.05 

36.45 

16.99 
5.00 
1.79 
23.15 
16.60 
36.47 


1.  Mineral  Indnstr}-,  vol.  6.  p.  96. 

2-4.  Trans.  Am.  Inst.  Min.  Eng.,  vol.  8,  p.  607. 

The  Campbell  kilns  in  use  at  the  plant  of  the  Milwaukee  Cement 
Company  hold  a  charge  equivalent  to  about  400  barrels  (265  pounds 
each)  of  cement.  This  is  drawn  at  the  rate  of  125  to  130  barrels  a  day, 
all  the  drawing  for  the  day  being  done  in  ten  hours.  Nut  and  slack 
coal,  mixed,  are  used  for  fuel.  The  fuel  consumption  amounts  to 
about  30  pounds  per  barrel  of  cement,  equivalent  to  11.3  per  cent  of 
the  weight  of  the  cement  produced. 

Analyses  of  natural  ceinads^  Mibvaukee  district ^  Wisconsin.  « 
Silica  (SiOJ 23.16 

Alumina  (AlA) -     6.33 

Iron  oxide  (FcjOi) 1.  71 

Lime  (CaO) 36.08 

Magnesia  (MgO) 20.38 

Alkalies  (K,0,  Na,0) 5.27 

Sulphur  trioxide  (SOj) n.  ^. 

Carbon  dioxide  (CO,) \  w  Qy 

Water / 
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PART  IV.    MATERIALS  AND  MANUFACTURE  OF  PUZZOLAN 

CEMENTS. 

PUZZOIiANIC  MATERIAIiS. 

Puzzolanic  materials  include  all  those  natural  or  artificial  substances 
that  are  capable  of  forming  hydraulic  cements  on  being  simply  mixed 
with  lime,  without  the  use  of  heat.  Man}'  materials  possess  this  prop- 
erty, but  relatively  few  have  ever  attained  suflBcient  commercial 
importance  to  be  discussed  here.  In  composition  the  puzzolanic 
materials  are  largely  made  up  of  silica  and  alumina,  usually  with  more 
or  less  iron  oxide;  some,  as  the  slags  used  in  cement  manufacture,  carry 
also  notable  percentages  of  lime.  As  might  be  inferred  from  this  com- 
position, most  of  the  puzzolanic  materials  possess  hydraulicity  to  a 
greater  or  less  degree,  but  the  addition  of  lime  usually  greatly  increases 
their  hydraulic  power. 

NATURAL  PUZZOLANIC  MATERIALS. 

Natural  puzzolanic  materials  are  widely  distributed,  though  they 
have  never  attained  much  commercial  importance  save  in  Europe. 
They  may  be  divided  into  two  classes,  according  to  origin.  In  the  first 
class  may  be  included  all  those  which  are  the  direct  products  of  vol- 
canic action,  the  material  being  a  fine  volcanic  ash  or  dust  deposited 
either  on  the  slopes  of  the  volcano  or  carried  by  the  wind  to  lakes  or 
streams  in  which  the  ash  is  deposited.  This  group  includes  the  more 
active  puzzolanic  materials,  its  chief  i  eprcsentatives  being  pozzuolana 
proper,  santorin,  tosca,  tetin,  and  trass.  It  may  be  noted  that  in 
origin  materials  of  this  class  resemble  closely  the  granulated  slags  used 
in  slag-cement  manufacture,  both  volcanic  ashes  and  granulated  slags 
being  due  to  the  two  processes  of  (1)  fusion  of  a  silico-aluminous 
material,  and  (2)  mpid  cooling  of  the  resulting  product  by  ejection 
into  air  or  immersion  in  water.  The  second  class  includes  a  number 
of  less  important  (because  less  active)  hydraulic  materials,  such  A 
ar^nes,  psammites,  etc.,  which  are  materials  resulting  from  the  decay 
of  certain  igneous  rocks. 

Pozzuolana  derives  its  names  from  the  little  town  of  Pozzuoli,  located 
a  few  miles  west  of  Naples,  at  which  point  the  material  was  first 
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obtained  by  the  Greek  colonists,  and  at  a  later  date  by  the  Romans. 
The  material  has  also  been  exploited  at  other  points  near  Rome  and 
Naples. 

Most  of  the  Italian  pozzuolana  is  obtained  from  small  open  cuts  or 
pitt»,  though  8ome  of  these  workings  are  now  of  great  depth.  Those 
of  Trentaremi,  for  example,  are  about  600  feet  deep.  The  various 
deposits  differ  greatly  in  the  quality  of  the  materials  obtained  from 
them.  Care  should  therefore  ))e  exercised  in  selecting  a  spot  for 
exploitation,  and  sorting  of  the  material  dug  would  be  advisa})le  in 
order  to  keep  the  product  of  uniformly  high  gnide.  After  extraction 
the  material  is  screened  and  ground.  In  addition  it  is  ocaisionall}' 
slightly  roasted  to  increase  its  hydraulic  properties.  Carelessness, 
both  in  the  mining  and  in  the  later  preparation  of  the  pozzuolana,  has 
brought  the  Italian  article  somewhat  into  disrepute  among  European 
engineers.  In  consequence  it  is  losing  ground  with  respect  lK)th  to. 
pozzuolana  from  the  Azores  and  to  trass  from  Rhenish  Prussia. 

Pozzuolana  has  been  shipped  from  San  Miguel,  in  the  Azores,  to 
Portugal  for  over  a  hundred  years,  and  has  been  used  with  very  satis- 
factory results  in  many  important  buildings,  harbor  works,  etc.  The 
Azores  pozzuolana  varies  in  color  from  yellowish  to  brownish,  and 
sometimes  to  grejnsh.  It  is  frequently  so  fine  grained  as  not  to 
require  screening  or  grinding  before  use.  A  reddish-colored  variety 
from  the  same  islands  is  termed  tetin. 

The  following  analyses  of  pozzuolana  are  fairly  typical  of  its  mnge 
in  composition: 

Analyses  of  pozzuolana^  Italy. 


Silica  (SiOj) 

Alumina  (AI3O3) 

Iron  oxide  (Fe^jOs)  •- 

Lime(CaO) 

Magnesia  (MgO) 

AlkalieH(K,0,  Na,0) 
WaU^r,  vU* 


1 

8 

52.66 

60.91 

14.33 

21.28 

10. 33 

4.76 

7.66 

1.90 

3.86 

.00 

4.13 

10.60 

7.03 

n.  d. 

56.31 
15.23 
7.11 
1.74 
1.36 
11.38 
6.12 


44.5 
15.0 
12.0 
8.8 
4.7 
5.4 
9.2 


Tnuss,  another  puzzolanic  material  of  commercial  importance,  is 
found  in  the  districts  bordering  the  Ithine  in  Rhenish  Prussia.  The 
towns  of  Brohl,  Kruft,  Plaidt,  and  Andernach,  all  about  10  to  15  miles 
southwest  of  Coblenz,  are  the  principal  points  near  which  the  material 
is  worked.  Trass  is  an  ant^ient  volcanic  mud  composed  of  a  ground- 
mass  of  volcanic  dust,  in  which  fragments  of  pumice,  volcanic  rocks, 
etc.,  are  embedded. 
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In  composition  trass  varies  between  the  following  extremes:  Silica, 
4:6  to  66  per  cent;  alumina,  10  to  23  per  cent;  iron  oxide,  3  to  12  per 
cent;  lime,  1  to  8  per  cent;  magnesia,  0  to  3  per  cent;  alkalies,  1  to  7 
per  cent;  water,  carbon  dioxide,  etc.,  3  to  12  per  cent. 

Santorin,  another  puzzolanic  material,  is  obtained  from  the  island 
of  Santorin,  or  Thera,  one  of  the  most  southeasterly  of  the  islands  of 
the  Grecian  Archipelago. 

ARTIFICIAL  PUZZOLANIC  MATERIALS. 

By  far  the  most  important  of  the  puzzolanic  materials  is  blast- 
furnace slag,  especially  in  the  United  States,  where  natunil  puzzolanic 
materials  of  domestic  origin  have  never  come  into  use,  though  trass 
and  puzzolanic  cements  made  from  it  are  imported  to  a  small  extent. 
Slag,  on  the  other  hand,  is  the  basis  of  an  important  industry — the 
manufacture  of  slag  (puzzolan)  cement.  The  materials  and  processes 
used  in  making  this  product  will  be  described  in  some  detail  on  the 
following  pages. 

TIIK  MAXUFACTURE  OF  SLACJ  CEMKNT. 

Slag  (puzzolan)  cement  is  made  l)y  intimately  mixing  granulated 
bhust-furnace  slag  of  proper  composition  with  slaked  lime,  and  reduc- 
ing this  mixture  to  a  fine  powder.  This  product,  though  usually 
called  a  Portland  cement  bv  the  manufacturers,  is  different  from  a 
true  Portland  in  both  its  rational  and  ultimate  compositions  and  in 
its  processes  of  manufacture.  Further  than  this  and  more  important 
from  the  purchasers'  standpoint,  a  cement  of  this  class  has  certain 
cjualities  which  prevent  its  being  used  as  an  exact  substitute  for  Port- 
land (rement,  though  it  is  a  good  enough  material  for  certain  uses. 

COMPOSITION  OF  THE  SLAG. 

The  slag  used  in  cement  manufacture  must  be  basic  blast-furnace 
slag.  Tetmajer,  the  first  investigator  of  slag  cements,  announced  as 
the  results  of  his  experiments  (a)  that  the  hydraulic  properties  of  the 
slag  increased  with  the  proportion  of  lime  contained  in  it,  and  that 

slags  in  which  the  initio  ^.^^  was  so  low  as  to  approach  unit}'  were  val- 

ueless  for  cement  manufacture;  (h)  that,  so  far  as  the  alumina  content 

of  the  slag  was  concerned,  the  best  results  were  obtained  when  the  ratio 

Al  O 
iV^^  gave  a  value  of  0.45  to  0.50;  and  (c)  that  with  any  large  increase 

of  alumina  above  the  amount  indicated  b}'  this  value  of  the  alumina- 
silica  ratio  the  tendency  of  the  cement  to  crack  (when  used  in  air)  was 
increased. 
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Prost,  at  a  later  date,  investigated  the  subject,  using  for  experiment 
several  commercial  slags  and  also  a  series  prepared  from  pure  CaO, 
SiO„  and  AlgOj.  He  decided  that  the  hydraulic  properties  (both  as 
regards  rapidity  of  set  and  ultimate  strength)  of  the  slag  increased  as 
the  proportions  of  lime  and  alumina  increased,  and  failed  to  find  any 
indication  that  a  high  alumina  content  causes  disintegmtion.  His  best 
results  were  obtained  from  slags  having  the  compositions  respectively 
of  2SiO„  A1,0,.  3CaO  and  2SiCX,  AI^O,,  4CaO. 

Mahon  in  1893  made  a  series  of  experiments  to  determine  the  value 
(for  cement  manufacture)  of  a  large  series  of  the  slags  produced  by 
the  furnaces  of  the  Maryland  Steel  (!!omjmny,  and  found  that  the  slags 
giving  the  best  results  were  two,  having  respectivel\^  the  following 
compositions: 

(1)  SiO„  30  per  cent;  Al^Oj,  17  per  cent;  CaO,  47.5  per  cent;  S, 
2.38  per  cent;  and  (2)  SiOg,  25.3  per  cent;  Al^Og,  20.1  per  cent;  CaO, 
48  per  cent;  MgO,  3.28  per  cent;  S,  2.63  per  cent. 

The  ratios  of  ..,_.-  and  -^^  ^  calculated  for  these  slags  are — 

S1O2  SiOg  ^ 

,^,  CaO     ^  ^ ,    ALO,     ^^  ^„        J  ^,^.  CaO     ^  ^,    ALO„     ^  ^^ 
(l)yjy^=l.6H;    yj'y;  =  0.57;  and  (2)  j,i(^-  =  1.9;    ^it);=0.79. 

At  the  close  of  the  experiments  Mahon  reconmiended  that  slags  be 
used  even  slightly  higher  in  alumina  than  those  above  (juoted. 

The  specifications  under  w'hich  slag  from  the  furnaces  is  accept^nl 
by  the  cement  department  of  the  Illinois  Steel  Compan}*  are  as  follows: 

(1)  Slag  must  analyze  within  the  following  limits: 
SiOj+AljO,  not  over  49  per  cent;  Al./),,  from  13  to  10  per  cent; 

MgO,  under  4  per  cent. 

(2)  Slag  must  be  made  in  a  hot  furnace  and  nuist  be  of  a  light-gray 
color. 

(3)  Slag  must  be  thoroughly  disintegrated  by  the  action  of  a  large 
stream  of  cold  water  directed  against  it  with  considerable  foi'ce.  This 
contact  should  be  made  as  near  the  furnace  as  is  possible. 

A  series  of  over  300  analyses  of  slags  used  by  this  company  in  their 
slag  (puzzolanic)  cement,  show  the  following  range  in  composition: 

SiO„  29.00  to  35.(50  per  cent;  Al^O.,  and  FeA.  l^-^'^^^  to  10.80  per 
cent;  CaO,  47.99  to  50.48  per  cent;  MgO,  2.09  to  2.S1  per  cent 

The  re(iuirements  of  the  Birmingham  Cement'  Company  as  to  the 
chemical  composition  of  the  slags  used  for  cement  are  as  follows:  The 
lime  content  shall  not  be  less  than  47.9  per  cent;  the  silica  and  lime 
together  shall  approximately  amount  to  81  per  cent;  and  the  alumina 
and  iron  oxide  together  shall  equal  from  12  to  15  per  cent. 

Analyses  of  a  number  of  slags  used  in  cement  manufacture  are 
shown  in  the  table  >)elow.  The  analyses  of  foreign  slags  are  quoted 
from  various  reliable  authorities  and  the  five  analyses  of  the  Illinois 
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Steel  Company  slags  have  been  selected  from  a  large  series  to  show 

CaO 

the  extreme  ranges' of  the  different  elements.     The  ratios  ^y)     *^^ 

Al  O 

o.!^-  have  been  calculated  for  each  slae:  and  are  shown  in  this  table. 

From  the^e  data  it  can  be  seen  that  the  rntio  of  alumina  to  silica  is 
carried  ver}'^  high  atChoindez;  and  is  rather  low  at  Chicago,  relatively 
to  most  of  the  European  plants.  It  must  be  remembered,  however, 
that  one  reason  for  carrying  a  high  alumina-silica  ratio  does  not  apply 
at  Chicago,  as  there  rapidity  of  set  is  gained  l)y  the  use  of  the  Whiting 
process.  Taking  these  two  plants  as  representative  of  the  best  Euro- 
pean and  American  pi^actice,  the  average  of  the  analyses  given  shows 

the   ratios  actually  used  to   be:   Choindez,   Switzerland,  sjo  ^l-'i^^j 

^!«^'=0.90;  and  Chicago,  111.,  ^*^=1.49,  ^1*^=0.44. 

These  results  may  be  compared  with  the  theoretical  ratios  advised 
])y  Tetmajer;  Prost,  and  Mahon. 

Analyses  of  slags  used  in  slag  cements. 


1 

30.00 

a 

31.50 

8 

82.90 

4 

31.50 

6 

26.88 

6 

27.33 

7 

26.24 

8 

32.20 

9 

33.10 

10 

31.80 

11 

34.30 

sniea 
(SiOs). 


Alu- 
mina 

(A1:0,) 


MaK- 

n«*ia 

(MkO). 


5.25 
3.18 
1.37 


1.09 
.92 
.88 
2.27 
2. 45 
2.29 
2.66 


Lime 

sul- 


phide 

(raS). 


Lime 


.  sulphate 


1.90 


(CaSO*), 


3.42 


L86 

1.34 

.59 


0.17 
.32 


Sul- 
phur 
(S). 


0.45 


Sul- 
phur 
triox- 

ide 

(SO.,). 


2. 21 


Ilatio, 
Si(  >•* 


■  \ 


1.09 
1.31 
1.44 
1.46 
1.68 
1.67 
1.78 
1.49 
1.51 
1. 56 
1.  10 


Al.O, 

s.lo.. 


0.93 

•  'Ta 
.41 
.52 
.89 
.87 
.93 
.48 
.38 
.46 
.43 


1,  2.  Middlesborough.  En(?land. 

3.  Bilbao,  Spain. 

4.  Saulnes,  France. 

5.  6,  7.  Choindez,  Switzerland. 
8,  9,  10,  11.  Chicago,  111. 

The  erection  of  a  slag-cement  plant  in  connection  with  any  given 
furnace  is  not  justified  unless  a  sufficient  amount  of  the  slags  usually 
produced  will  fall  within  the  slag-cement  requirements,  which  have 
been  outlined  above  in  the  section  on  chemical  composition  of  the 
slag  (?).  In  a  large  plant  it  will  usually  be  easy  to  secure  a  constant 
supply  of  slag  of  proper  composition  without  interfering  with  the 
proper  running  of  the  furnaces.  In  a  small  plant,  however,  or  in  one 
running  on  a  number  of  different  ores,  such  a  supply  may  be  diflScult 
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to  obtain.     These  points,  of  course,  should  be  settled  in  advance  of 
the  erection  of  the  cement  plant.    • 

In  the  case  of  any  given  furnace  running  on  ores  and  fluxes  which 
are  fairly  steady  in  composition  and  proportions,  the  selection  of  the 
slag  used  for  cement  making  may  often  be  largely  based  on  its  color, 
checked  by  determinations  of  lime.  The  darker-colored  slags  are 
generally  richest  in  lime,  except  when  the  depth  of  color  is  due  to  the 
presence  of  iron;  the  lighter-colored  slags  are  usually  higher  in  silica 
and  alumina.  Candlot  states  further''  in  this  connection  that  the  slag 
issuing  at  the  commencement  and  toward  the  end  of  a  discharge  should 
be  rejected  because  of  the  chilling  which  attends  its  slow  movement. 

GRANULATING   THE   SLAG. 

Assuming  that  a  slag  of  proper  composition  has  been  selected,  the 
first  step  in  the  actual  manufacture  of  slag  cement  will  be  the  "  gran- 
ulation" of  the  molten  slag.  Granulation  is  produced  by  bringing 
molten  slag  into  contact  with  a  suflBcicnt  amount  of  cold  water.  The 
physical  effect  of  this  proceeding  is  to  cause  the  slag  to  break  up  into 
porous  particles  (slag  "sand").  Granulation  has  also  certain  chemical 
effects,  highly  important  from  an  economic  point  of  view,  which  will 
be  discussed  later  (p.  363). 

Methods  of  granidatinxf  the  slag. — The  sui^cess  of  the  granulation 
depends  on  bringing  the  slag  into  contact  with  the  water  as  soon  as 
possible  after  it  has  left  the  furnace.  The  effects  of  the  process  will 
be  found  to  vary  with  {a)  the  temperature  of  the  slag  at  the  point  of 
contact,  (}))  the  temperature  of  the  water,  (c)  the  amount  of  water 
used,  and  {d)  its  method  of  application. 

Taking  up  the  last  point  first,  it  may  be  noted  that  two  general 
methods  of  application  of  the  water  have  been  used.  In  one  the  stream 
of  slag  as  it  issued  from  the  furnaces  is  struck  by  a  jet  of  steam  under 
pressure.  This  method,  which  was  used  at  one  time  in  the  Middle- 
boro  district,  England,  blows  the  slag  into  fine  threads,  with  attached 
globules.  It  is,  in  fact,  much  the  same  as  the  process  still  used  in  the 
manufacture  of  mineral  wool,  which  is  elsewhere  discussed.  From  an 
economic  point  of  view  it  has  the  advantage  of  putting  the  slag  in  a 
condition  in  which  it  is  easily  pulverized  by  the  grinding  machinery; 
but  it  has  certain  inconveniences,  and  has  been  almost  or  entirelv 
superseded  by  the  method  now  to  be  mentioned. 

The  second  way  in  which  the  water  may  be  applied  is  to  allow  the 
stream  of  slag  as  it  issues  from  the  furnace  to  fall  into  a  trough  con- 
taining a  rapidly  flowing  stream  of  cold  water.  Care  must  be  taken 
that  the  fall  into  the  trough  is  not  too  great,  and  that  the  stream  of 
water  is  deep  enough  and  fast  enough,  for  otherwise  the  slag  will 
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acquire  sufficient  momentum  in  its  fall  to  solidify  in  a  mass  on  the 
bottom  of  the  trough.  This  method  is  in  use  at  all  slag-cement  plants 
of  the  present  day,  being  occasionally  modified  by  the  use,  in  addi- 
tion to  the  flowing  stream  of  water  in  the  trough,  of  a  jet  of  water 
playing  on  the  slag  before  it  strikes  the  trough. 

Effects  of  granidatiiig  the  slag. — The  physical  effect  of  causing  hot 
slag  to  come  in  contact  with  cold  water  is  to  break  the  slag  up  into 
small,  porous  particles.  As  this  materially  aids  in  pulverizing  the 
slag,  it  is  probable  that  granulation  would  be  practiced  on  this  account 
alone.  But  as  a  matter  of  fact  granulation  has,  in  addition  to  its 
purely  physical  result,  two  important  chemical  effects.  One  is  to 
make  the  slag,  if  it  be  of  suitable  chemical  composition,  energetically 
hydraulic;  the  other  is  to  remove  a  portion  of  the  sulphides  (con- 
tained in  the  slag)  in  the  form  of  hydrogen  disulphide. 

Le  Chatelier  states  that  the  hydraulic  properties  of  granulated  slag 
are  due  to  the  presence  of  a  silico-alumino  ferrite  of  calcium  corre- 
sponding in  composition  to  the  fornmla  3CaO,  AljOj,  2SiO,.  This 
compound  appears  also  in  Portland  cements,  but  in  them  it  is  entirely 
inert,  owing  to  the  slow  cooling  it  has  undergone.  When,  however, 
as  in  the  case  of  granulated  slags,  it  is  cooled  with  great  suddenness, 
it  becomes  an  important  hydraulic  agent.  When  so  cooled  "'it  is 
attackable  by  weak  acids  and  also  by  alkalies.  It  combines  particu- 
larly with  hydrated  lime  in  setting,  and  gives  rise  to  silicates  and 
aluminates  of  lime  identical  with  those  which  are  formed,  by  entirely 
different  reactions,  during  the  setting  of  Portland  cement.  It  is  upon 
this  property  that  the  manufacture  of  slag  cements,  which  assumes 
daily  greater  importance,  is  based." 

DRYING  THE  SLAQ. 

The  slag  as  it  is  brought  to  the  cement  mill  from  the  granulating 
tanks  carries  from  15  to  over  40  per  cent  of  water  absorbed  during 
granulation.  As  will  be  noted  later  (p.  366)  attempts  have  been  made 
to  utilize  this  contained  water  in  the  slaking  of  the  lime,  but  thcvse 
attempts  have  hitherto  proved  unsuccessful.  As  the  manufacture  is 
at  present  conducted,  therefore,  the  large  percentage  of  water  carried 
by  the  slag  is  of  no  service,  and  in  order  to  get  good  results  from  the 
grinding  machiner}^  the  water  must  be  removed  as  completely  as  |X)s- 
sible  before  pulverization  is  attempted. 

Before  the  various  types  of  dryers  in  use  are  described,  a  few  words 
may  be  said  on  the  general  problem.  The  slag  may.  carry,  as  above 
noted,  from  15  to  over  40  per  cent  of  water,  the  percentage  varying 
with  the  method  of  granulation,  the  fineness  of  grain,  etc.  As  the  slag 
must  be  reduced  to  extreme  fineness,  it  is  necessary  that  this  moisture 
be  reduced  as  much  as  possible.    With  a  well-conducted  rotary  drier  it 
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is  possible  to  economically  reduce  the  percentage  of  moisture  in  the 
dried  product  to  about  one-fourth  of  1  per  cent. 

The  temperature  to  which  the  product  is  carried  in  drying  is  not  a 
matter  of  serious  moment  so  long  as  it  does  not  pass  the  point  at  which 
the  slag  begins  to  recrystallize.  Theoretically,  of  course  it  is  unneces- 
sary to  carry  the  temperature  above  212°  F.,  but  in  practice  it  is 
economically  impossible  to  keep  it  as  low  as  this.  It  may  be  carried 
as  high  as  a  dull- red  heat  without  injury  to  the  slag.  Indeed,  it  is 
probable  that  drying  at  relatively  high  temperatures  improves  rather 
than  impairs  the  hydraulic  properties  of  the  slag,  as  it  is  well  known 
that  the  natural  pozzuolanas  are  improved  by  roasting.  It  would  not, 
therefore,  be  a  matter  of  surprise  if  drying  the  slag  at  a  higher  tem- 
perature than  is  actually  necessary  should  result  in  materially  acceler- 
ating the  set  of  the  resulting  cement,  and  also  in  increasing  the  strength 
of  briquettes  made  from  it. 

The  Ruggles-Coles  dryer  consists  of  two  concentric  hollow  cylin- 
ders bolted  together  and  revolving  on  an  axis  slightly  inclined  from 
the  horizontal.  The  outer  cylinder  is  made  of  steel  plates,  the  longi- 
tudinal seams  having  butt  joints  with  inside  lapping  straps.  The 
inner  cylinder,  which  is  also  made  of  steel,  is  connected  with  the 
outer  cylinder  at  the  center  by  heavy  cast-iron  arms  solidly  riveted  to 
both  cylinders,'  and  at  each  end  by  two  sets  of  adjustable  or  swinging 
arms,  which  prevent  expansion  and  contraction  from  affecting  the 
rivets  or  joints.  At  the  head  or  upper  end  the  inner  cylinder  projects 
beyond  the  outer  cylinder,  passing  into  a  stationary  head  or  air 
chamber  to  the  hot-air  flue  of  the  furnace  with  which  it  is  connected. 
At  the  lower  or  discharge  end  is  another  stationary  head,  forming  an 
air  chamber,  through  an  opening  in  the  bottom  of  which  the  dried 
material  is  discharged.  This  head  is  provided  with  a  damper  to  regu- 
late the  temperature. 

The  outer  cylinder  is  set  at  an  inclination  of  about  0.375  inch  to 
the  foot.  It  is  secured  to  two  heavy  rolled-steel  bearing  rings  which 
rest  and  revolve  upon  eight  bearing  wheels  supported  by  oscillating 
arms  or  rockers.  The  lateral  motion  of  the  cylinder  is  taken  up  by 
four  thrust  wheels.  The  dryer  is  revolved  by  a  cast  gear  secured  to 
the  outer  cylinder,  and  this  is  driven  by  a  shaft  and  pinion  extended 
beyond  the  end  of  the  machine  and  supported  in  two  babbitted  jour- 
nal boxes  fitted  to  the  frame.  The  entire  machine  is  fitted  and  secured 
to  a  heavy  frame  of  8-inch  I  beams  braced  and  framed  together  and 
usually  set  on  a  concrete  foundation.  The  exhaust  fan  is  placed 
where  most  convenient  to  drive  and  is  connected  with  the  outer  cylin- 
der by  suitable  flue.  The  furnace  is  built  independent  of  tjie  machine 
and  connected  with  the  head  end  of  the  inner  cylinder  b}'  an  iron  flue 
built  with  fire  brick.  A  specially  designed  burner  is  substituted  for 
the  furnace  for  the  use  of  oil,  gas,  or  powdered  coal. 
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The  heated  air  pa8ses  through  the  inner  cylinder  and  returns 
between  the  inner  and  outer  'cylinders  to  the  fan.  The  «lag  is  fed 
into  the  space  between  the  inner  and  outer  cylinders  through  a  spout 
in  the  stationary  head  at  the  upper  end  of  the  machine.  It  is  picked 
up  by  buckets  or  carriers  fastened  to  the  inne.r  surface  of  the  outer 
cylinder  and  carried  partly  around  during  the  rotation  of  the  dryer. 
On  dropping  from  these  buckets  it  falls  and  is  caught  on  the  flights 
fastened  to  the  outer  surface  of  the  inner  cylinder,  which  carry  it 
partl}'^  around  and  then  drop  it  to  the  bottom  of  the  outer  cj^linder, 
when  the  cycle  commences  again.  While  these  movements  of  the 
slag  are  occurring  it  is  being  dried  both  by  the  heated  air  in  the  space 
between  the  two  cylinders  and  by  contact  with  the  warm  outer  sur- 
face of  the  inner  cylinder,  and  it  is  also  being  carried  slowly  toward 
the  lower  (discharge)  end  of  the  machine. 

The  following  table  shows  working  results  in  the  use  of  the  Ruggles- 
Coles  dryer  on  granulated  slag: 

Remits  of  tiM  of  Rmjtjleii- Coles  dryer. 


User. 

Orierinal 
moisture. 

Final 
moi.Mturu. 

Water 
evapo- 
rated per 
hour. 

Dry 
material 
delivered 
per  hour. 

PoutKU. 
6,399 

16, 173 
4,987 
7,061 

Coal  uacd 
per  hour. 

Water 

evaiMj- 

ra ted  per 

pound  of 

coal. 

Knickerbocker  Cement  Co... 
Maryland  Cement  Co 

Po"  ctmt. 
41.82 
20.32 
45.00 
40.00 

Per  cnU. 

0.20 

.25 

Pftunds. 
4,401 
4,114 
4,181 
4,707 

Pounds. 
560 
542 
537 
550 

Pounds. 
7.87 
7.59 

Binningham  Cement  Co 

Southern  Cement  Co 

7.60 
8.56 

COMPOSITION  AND  SELECTION  OF  THE  LIME. 

The  lime  used  for  admixture  with  the  slag  may  be  either  a  quick- 
lime (common  lime)  or  a  hydraulic  lime.  In  usual  American  practice, 
and  also  at  most  European  plants,  a  quicklime  is.  used.  At  a  few 
American,  French,  and  German  plants,  however,  limes  which  have 
more  or  less  hydraulic  properties  are  employed.  Prost  has  carried 
on  experiments  touching  this  point  and  decided  that  the  use  of  a 
hydraulic  lime  did  not  noticeably  increase  the  tensile  strength  of  the 
resulting  cement,  but  that  it  did  increase  the  value  of  the  product  in 
another  way.  This  incidental  advantage  is  that  slag  cements  made  by 
using  hydraulic  lime  are  less  liable  to  fissure  and  disintegrate  when 
used  in  air  or  in  dry  situations  than  cement  in  which  common  quick- 
lime is  used.  This  method  of  improving  the  product  has  been  tried, 
to  the  writer's  knowledge,  at  only  one  of  the  American  slag  cement 
plants.  At  KOnigshof,  Germany,  a  somewhat  hydraulic  lime  is  used, 
whose  analysis  will  be  fairly  representative  of  materials  of  this  type, 
though  most  hydraulic  limes  would  run  higher  in  silica  and  alumina. 
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Analym  of  hydraulic  lime,  Konigshof,  Germany. 

Lime  (CaO) 81.546 

Magnesia  (MgO) 1 .  751 

Soda(Na,0) 211 

Silica  (SiO,) 12.421 

Alumina  (Al A) 2.620 

Iron  oxide  (Fe,Os) 88:^ 

Manganese  oxide  (MnO,) Trace. 

Carbon  dioxide  (CO,) 194 

Moisture  (H,0) 425 

DRYING  AND  SLAKING  THE  LIME. 

The  granulated  slag,  as  it  comes  to  the  mill  from  the  tanks  to  which 
it  is  carried  in  granulating  it,  boldM  a  very  large  percentage  of  water. 
The  amount  of  water  carried  will  vary  in  practice  at  different  plants 
between  25  and  60  per  cent  as  limits.  Early  in  the  history  of  slag- 
cement  manufacture  attempts  were  made  to  utilize  this  surplus  water. 
To  this  end  the  wet  slag  was  mixed  with  dry  unslaked  lime,  the  expec- 
tation l>eing  that  the  water  in  the  slag  would  serve  to  slake  the  lime. 
In  practice,  however,  it  was  soon  found  that  this  plan  was  not  success- 
ful. The  lime  was  only  partially  and  very  irregularly  slaked,  and 
the  mixture  was  not  left  in  such  a  condition  as  to  be  economically 
handled  by  the  pulverizing  machinery.  In  present-day  practice,  there- 
fore, the  lime  is  slaked  before  it  is  mixed  with  the  slag. 

The  slaking  is  done  with  the  minimum  possible  amount  of  water,  so 
as  to  leave  the  slaked  lime  in  the  form  of  a  fine,  dry  powder. 

SIEVING  AND  GRINDING  THE  LIME. 

If  lime  has  been  thoroughly  burned  and  carefully  slaked  it  will  all 
be  in  the  form  of  a  very  fine  powder,  much  finer  than  can  be  obtained 
by  any  economically  practicable  grinding  machinery.  In  practice, 
however,  it  will  be  found  that  the  lime  after  slaking  has  not  all  fallen 
to  powder  but  still  contains  a  certain  proportion  of  hard  lumps. 
The  degree  of  carefulness  with  which  the  burning  and  slaking  have 
been  conducted  may  be  roughly  judged  by  observing  the  relative 
proportions  of  lumps  and  powder. 

The  material  remaining  as  lumps  is  of  three  different  kinds.  First 
and  in  greatest  proportion,  are  fragments  of  limestone  which  have 
not  been  thoroughly  burned  in  the  kiln.  Such  unburned  pieces  would 
be  inert  if  used  in  the  cement.  Second,  part  of  the  lumps  represent 
fragments  of  limestone  which  have  been  overburned  in  the  kiln, 
and  have  therefore  partly  clinkered.  This  is  particularly  likely  to 
happen  if  the  limestone  contained  any  large  proportion  of  silica  or 
alumina.  These  partly  clinkered  lumps,  being  really  poor-grade 
natural  cements,  can,  if  pulverized,  do  no  particular  harm  to  the  slag 
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cement,  but,  on  the  other  hand,  they  can  not  do  as  much  good  as  an 
equal  amount  of  lime.  The  third  kind  of  material  that  may  be  present 
in  lump  form  consists  of  fragments  of  well-burned  lime  which, 
through  accident  or  carelessness,  have  not  been  well  slaked.  These 
lumps  of  quicklime  would,  if  incorporated  in  the  cement,  be  actively 
injurious. 

The  preceding  desicription  and  discussion  of  the  three  classes  of 
material  which  are  likely  to  remain  as  lumps  in  the  slaked  lime  has 
been  intentionally  made  detailed,  in  order  to  point  out  an  error  in 
practice  committed  occasionally  at  slag-cement  plants.  It  has  be^n 
seen  that  the  materials  composing  these  lumps  are  of  such  a  char- 
acter as  to  be  either  useless  or  actively  injurious  if  used  in  a  slag 
cement.  It  should  be  obvious,  therefore,  that  the  only  rational 
method  of  treatment  is  to  sieve  the  slaked  lime  and  to  reject  entirely 
all  the  material  failing  to  pass  through  the  sieve.  This  is  the  best 
practice  and  the  method  usually  followed.  Occasionally,  however, 
urged  by  a  false  idea  of  economy  or  by  inaccurate  reasoning,  the 
manufacturer  saves  the  material  failing  to  pass  the  sieve,  crushes  it, 
and  adds  it  to  the  cement  at  a  later  stage  in  the  manufacture. 

MIXING  AND  GRINDING  THE  SLAG  AND  LIME. 

Prost,  in  consequence  of  his  experiments  with  various  proportions 
of  lime,  advocated  the  proportion,  to  secure  the  best  results,  of  from 
35  to  40  parts  of  lime  to  100  parts  of  slag.  He  also  stated  that  the 
amounts  of  lime  used  in  actual  practice  for,  each  100  pounds  of  slag 
were:  At  Choindez,  40to45pounds;  at  Donjeux,  40  pounds;  at  Bruns- 
wick, 83  pounds,  and  at  Cleveland,  33  pounds.  Mahon,  in  reporting 
his  expi^riments  for  the  Maryland  Steel  Company,  states  that  the  best 
results  were  secured  by  the  use  of  25  parts  of  lime  to  100  parts  of  slag, 
by  weight.  In  the  manufacture  of  slag  brick,  which  is  in  reality 
merely  a  branch  of  the  slag-cement  industry,  the  amount  of  lime  added 
may  fall  as  low  as  10  pounds  to  100  pounds  of  slag. 

In  actual  American  practice  the  proportions  are  usually  about  20 
pounds  lime  to  100  pounds  slag.  This  difference  in  proportions 
between  the  American  and  European  plants  corresponds  to  a  difference 
in  the  composition  of  the  slags  used,  for  in  this  country  the  slags 
employed  in  slag-cement  manufacture  are  usually  somewhat  higher  in 
lime  than  are  the  slags  used  at  European  plants. 

The  greatest  differences  in  practice  exist  in  the  processes  for  grind- 
ing and  mixing  the  slag  and  lime.  The  statement  has  been  made  in 
several  publications  that  the  differences  in  hardness  l)etween  dry 
granulated  slag  and  slaked  lime  is  so  great  that  it  is  impracticable  to 
pulverize  them  together  in  a  continuously  operated  mill.  A  number 
of  plants,  therefore,  have  installed  small  discontinuous  mills,  each  of 
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which  Ls  charged,  locked,  operated  for  a  sufficient  time  to  pulverize 
both  constituents  of  the  mixture,  and  discharged.  The  disadvantage^} 
of  this  intermittent  system  are  obvious  and  it  seems  especially  unfitted 
for  American  conditions.  The  statement  that  no  continuously  opc^rated 
mill  was  able  to  handle  the  mixture  seemed  improbable  in  view  of  the 
great  variety  of  material  successfully  handled  by  the  modern  ball 
and  tube  mills  when  operated  continuously  in  Portland-cement  prac- 
tice. Several  3'ears  ago  the  writer  referred  the  question  to  a  lead- 
ing firm  of  manufacturers,  and  was  informed  that  nothing  in  their 
experience  justiBed  the  unfavorable  conclusion;  and  that  their  contin- 
uously operated  tut)e  mills  had  successfully  pulverized  mixture.s  of 
slag  and  lime.  It  seems  probable  that  the  most  economical  practice, 
followed  at  several  of  the  American  plants,  would  be  to  send  the  dried 
slag  through  a  (Jriffin  mill  or  ball  mill,  mix  the  crushed  slag  with 
lime,  and  complete  the  mixture  and  reduction  in  continuously  oper- 
ated tube  mills.  Whatever  system  of  reduction  is  employed  it  is 
necessary  that  the  slag  be  dried  as  completely  as  possible,  and  with 
modern  driers  the  amount  of  moisture  in  the  dried  slag  can  be  eco- 
nomically kept  well  below  1  per  cent. 

Slag  cements  normally  set  very  slowly,  relative  to  Portlands.  As 
this  interferes  with  their  use  for  certain  purposes,  many  attempts  have 
been  made,  bjj^  various  treatments,  to  reduce  their  setting  time.  There 
is,  unfortunately,  another  reason  why  the  manufacturer  should  desire 
to  hasten  the  set  of  his  product.  Most  of  the  slag  cements  sold  in  this 
country  masquerade  as  Portland,  and  it  is  desirable  to  the  manufac- 
turer therefore  to  make  such  of  their  properties  as  are  brought  out  in 
•  ordinary  tests  or  analyses  approximate  to  those  of  true  Portland 
cement.  The  set  of  slag  cements  can  be  hastened  by  the  addition  of 
puzzolanic  materials.  Of  these  burned  clay,  certain  active  forms  of 
silica,  and  slags  high  in  alumina  are  the  cheapest  and  most  generally 
obtainable.  The  most  important  method  of  regulation  is,  in  this  coun- 
try at  least,  the  Whiting  process,  which  is  followed  at  two  large 
American  plants. 

United  States  Patent  No.  544706,  issued  in  1895  to  eTasper  Whiting, 
covers  the  use  of  ''caustic  soda,  potash,  sodium  chloride  or  equiv- 
alents, or  any  substance  of  which  the  latter  are  ingredients,"  added 
either  as  aqueous  solutions  or  in  a  dry  state  at  any  stage  of  the  process 
of  slag-cement  manufacture.  In  the  specifications  accompanying  the 
application  for  this  patent,  the  patentee  states  that  in  the  case  of  dry 
caustic  soda  the  amount  added  will  vary  from  0.125  to  3  per  cent, 
^'depending  chiefly  upon  the  use  for  which  the  cement  is  intended." 
The  patent  was  subsequent!}'  conveyed  to  the  Ilfinois  Steel  Company, 
and  the  process  covered  by  it  is  used  by  that  company'  in  the  manufac- 
ture of  its  ''Steel  Portland"  cement.     A  license  has  l)een  issued  to  the 
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Brier  Hill  Iron  and  Coal  Company,  of  Youngstown,  Ohio,  under 
which  license  this  company  manufactures  its  "  Brier  Hill  Portland " 
cement. 

The  proc^ess,  as  practiced  in  the  slag-cement  plant  of  the  Illinois 
Steel  Compan}^,  Chicago,  III.,  is  as  follows:  The  quicklime  used  is 
obtained  from  the  calcination  of  Marblehead  or  Bedford  limestone, 
and  carries  less  than  1  per  cent  MgO.  On  its  arrival  at  the  mill  it  is 
unloaded  into  bins,  beneath  which  are  placed  two  screens  of  different 
mesh,  the  coarser  at  the  top.  A  quantit}'  of  lime  is  drawn  upon  the 
upper  screen,  where  it  is  slaked  b}^  means  of  the  addition  of  water  con- 
taining a  small  percentage  of  caustic  soda.  As  the  lime  is  slaked  it  falls 
through  the  coarse  screen  onto  the  finer  screen,  through  which  it  falls 
into  a  conveyor  which  carries  it  to  a  rotary  drier.  After  heating,  the 
resulting  slaked  and  dried  lime  is  carried  by  elevators  to  hoppers 
above  the  tube  mills,  where  it  is  mixed  in  proper  proportions  with 
the  granulated  slag,  which  has  been  dried  and  powdered. 

COMPOSITION   AND    PROPERTIES  OF  SLAG  CEMENT. 

Slag  cement  when  ready  for  sale  is  a  mechanical  mixture  of  lime 
hydmte(Ca2(0II)g)  and  a  calcium-aluminum silicate(;rSiOj,Al203,yCaO). 
In  addition  to  the  essential  ingredients  noted  above,  certain  others  of 
less  amount  usually  oc(*ur.  The  most  important  of  these  in  the  effect 
it  produces  on  the  quality  of  the  product  is  sulphur,  which  is 
obtained  from  the  slag  in  the  form  of  sulphides  of  lime  or  iron.  To 
the  presence  of  these  sulphides  is  due,  in  large  part  at  least,  the  disin- 
tegration of  slag  cements  when  used  in  dry  air.  If  the  cement  be 
used  for  construction  in  water,  their  presence  is  of  much  less  impor- 
tance, and  the  total  sulphides  may  run  as  high  as  5  per  cent  without 
seriousl}-  impairing  the  quality.  Several  per  cent  of  iron  oxide  obtained 
from  the  slag  are  commonly  present.  Magnesia  also  occurs,  derived 
from  the  slag  or  the  lime.  It  is  inert,  if  not  positively  detrimental, 
and  the  amount  therefore  should  be  kept  as  low  as  possible. 

In  addition  to  the  ingredients  mentioned  above,  a  percentage,  usually 
small,  of  other  compounds  may  be  found,  which  have  been  added  by 
the  manufacturer  during  some  stage  of  the  process  for  the  pui'pose  of 
increasing  the  rapidity  of  set  of  the  cement. 

The  table  below  contains  the  analysis  of  a  number  of  American  and 
European  slag  cements,  as  given  by  various  authorities.  It  will  be 
seen  that,  despite  the  apparently  great  variations  in  practice,  the  ulti- 
mate composition  of  the  finished  cement  falls  within  quite  narrow 
limits.  The  range  in  composition  of  a  good  slag  cement  ma}'  be  con- 
sidered to  be  about:  SiOg,  22  to  30  per  cent;  AljOj+FegOg,.!!  to  16 
per  cent;  CaO,  49  to  52  per  cent;  MgO,  less  than  4  per  cent;  S,  less 
than  1.5  per  cent;  ignition  loss,  2.5  to  7.5  per  cent. 
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Analyses  of  dag  cetiumts. 


Silica  (SiO,) *. 

Alumina  ( AI2O3) ...... 

ln)n  oxides  (FeO,  Fe^O,) 

Lime  (CaO) 

Magnesia  ( MgO ) 

Sulphur  (S) 

Sulphur  tri oxide  (SO,) . 
Loss  on  ignition 


1 

tf 

s 

19.5 

:«.56 

22.45 

17.5 

13.31 

13.95 

n.  d. 

0.25 

3.30 

54.0 

45.01 

51.10 

n.  d. 

2.96 

1.35 

n.  d. 

«4.63 

n.  d. 

&1.41 

0.35 

n.  d. 

n.  d. 

7.50 

27.2028.40 


} 


14.18 


12.80 


50.0351.50 
3.  22  n.  d. 
1.40 


0.15 

4. 25  n.  d. 


I  0. 


28. 95 

11.40 

54 

50.29 

2.96' 

1.37 


3.39 


29.80 

}l2. 30 

51. 14 

2.:w 

1.37 


8 


2.60 


27.80  27.0 
U.IO,  12.0 


60.96J  55.05L71 
2. 23  n.  d.  1. 39 
1.18  n.d.    L31 


6.30  n.d. 


10 


27.78 
11.70 


n.d. 


a  EquAlM  CaS. 


b  Equals  CaS04. 


1.  Cholndez.  Switzerland. 

2.  Bilbiio,  Spain. 

8.  SaulncM,  France. 

4,  6,  6,  7.  8,  ChicAjfO,  111. 

9.  North  Birmingham,  Ala. 

10.  Ensley,  Ala. 

IDENTIFICATION  OF  SLAG  CEMENT. 

Slag  cements  may  usually  be  distinguished  from  Portland  cements 
by  their  lighter  color,  inferior  specific  gravity,  and  slower  set.  .They 
show  on  analysis  lower  lime  and  higher  alumina  percentages  than  Port- 
lands, and  usually  contain  an  appreciable  amount  of  calcium  sulphide. 
Owing  to  the  presence  of  this  last-named  constituent,  a  briquette 
of  slag  cement  left  for  some  days  in  water  will  show  upon  fracture  a 
decided  greenish  tint.  If  it  has  been  exposed  to  salt  water,  this  tint 
will  be  much  more  marked  and  the  odor  of  hydrogen  sulphide  will  be 
observed.  Two  things  should  be  noted,  however,  in  this  connection: 
Though  sulphides  are  usually  present  in  slag  cements  they  are  not 
necessary'  constituents  of  them,  and,  on  the  other  hand,  sulphides  are 
occasionally  present  in  Portland  cements,  being  formed  from  the  sul- 
phates in  case  the  flame  of  the  kiln  is  not  sufiiciently  oxidizing. 

Color. — Slag  cements  are  usually  much  lighter  in  color  than  the 
Portlands,  varying  from  a  bluish  white  to  a  light  yellow.  The  color 
of  the  cement  depends  partly  upon  the  color  of  the  slag  and  the  lime, 
but  more  largely  upon  the  relative  proportions  of  the  two  ingi-edients. 
Slag  cements  do  not  stain  masoniy,  in  which  respect  they  have  an 
advantage  over  Portlands  for  certain  uses. 

Specific  gravity. — Cements  of  this  class  are  lighter  than  Portlands, 
their  specific  gmvity  usualh'  ranging  from  2.7  to  2.8.  This  gives  a 
greater  bulk  for  the  weight,  but,  on  the  other  hand,  it  reduces  the 
density'  of  the  set  cement,  which  is  not  desirable  for  some  purposes. 

Raj) idity  of  net.— ^ovmviWy  slag  cements  are  slower  setting  than 
Portlands,     Whether  this   j)roperty  is   a   disadvantage   or  not  will 
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depend  on  the  use  to  which  the  cement  is  to  be  applied.  As  before 
mentioned,  the  rapidity  of  set  increases  naturally  with  the  amount  of 
alumina  in  the  slag.  Set  can  be  artificially  hastened  by  the  addition 
of  puzzolanic  material  to  the  cement.  Burned  clay,  certain  active 
forms  of  silica,  slags  high  in  alumina,  etc.,  are  additions  which  are 
both  effective  and  cheap.  The  treatment  of  the  cement  during  manu- 
facture with  alkalies  to  accelerate  the  set  has  already  been  discussed. 

StreTigth, — While  slag  cements  fall  below  high-grade  Portlands  in 
tensile  strength,  good  American  slag  cements  develop  sufficient 
strength  to  pass  the  usual  specifications  for  Portlands.  Tested  neat, 
they  do  not  approximate  so  closely  to  the  Portlands  as  they  do  if 
tested  in  2:1  or  3:1  mortars.  Part  of  this  property  may  be  due  to  the 
fact  that  they  are,  in  general,  ground  finer  than  Portlands,  especially 
than  foreign  Portlands.  A  few  years  ago  Prof.  W.  K.  Hatt  made  a 
series  of  tests  on  American  slag  cements,  and  reported  that  there  was 
no  noticeable  deficienc}'  in  strength  of  briquettes  kept  in  air  as  com- 
pared with  those  kept  in  water.  Other  investigators  have  arrived  at 
opposite  conclusions,  and  it  is  probable  that  these  conflicting  results 
arise  from  differences  in  the  chemical  composition  of  the  various 
bi'ands  tested. 

Ren iMtancA^  to  mechanical  xoear. — Slag  cements  are  notably  deficient 
in  this  property,  and  are  therefore  not  available  for  use  for  the  sur- 
faces of  pavement,  floors,  etc.,  where  this  quality  must  be  highly 
developed;  they  seem  to  be  well  fitted,  however,  for  pavement  foun- 
dations, or  indeed  for  any  work  which  will  not  be  exposed  to  dry  air 
and  in  which  a  high  strength  is  not  necessary. 

PLANTS,  prices;  AND  USES. 

Of  the  seven  slag-cement  factories  now  in  operation  in  the  United 
States,  two  each  are  located  in  Alabama  and  Ohio,  and  one  each  in 
Illinois,  New  Jersey,  and  Pennsylvania.  Most  of  the  plants  now  in 
operation  are  connected  closely  in  ownership  with  the  furnaces  from 
which  the  slag  is  obtained.  This  condition  is  almost  a  necessity,  since 
common  ownership  or  control  furnishes  the  only  possible  guaranty 
that  a  sufficient  supply  of  slag,  of  proper  qualit}',  will  be  always 
available. 

The  selling  price  of  slag  cements  is  highly  variable,  as  can  be  under- 
stood from  statements  made  on  previous  pages.  Whenever  possible, 
they  are  sold  as  Portlands,  and  in  that  oise  approximate  in  price  to 
cements  of  that  class.  When  necessar}^  however,  they  are  marketed 
at  prices  l)elow  those  of  natural  cements.  Taking  the  entire  annual 
product  into  consideration,  its  price  per  barrel  will  probably  average 
about  20  to  26  per  cent  higher  than  the  best  brands  of  natural  cements 
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(New  York  Kosendale).     The  industry  affords  very  fair  profits,  and  the 
output  in  the  United  States  is  increasinjf  steadily. 

American  slag  cements  are  certainly  superior  in  strength,  uni- 
foniiity,  and  rapidity  of  set  to  European  slag  cements.  Slag  cements 
are  not,  however,  Portland  cements,  and  the  sooner  this  fact  is  .recog- 
nized and  publicly  admitted  by  their  manufacturers  the  better  will  be 
the  prospects  of  the  industry.  For,  though  slag  cements  are  entirely 
unfitted  for  many  uses  to  which  Portland  cements  may  be  applied, 
there  are  certain  uses  for  which  they  are  well  adapted,  and  if,  for  any 
particular  use,  a  slag  cement  is  as  good  as  a  Portland,  its  lower  price 
will  of  necessity  remove  any  danger  of  Portland  competition. 
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BlufTport,    Ala.,    limestone    at    and 

nejir,  analyses  of 75.82 

Bodea  Creek,  Miss.,  chalk  near,  anal- 
yses of 211 

Bonnami,  li..  on  cements IH 

Bonneville     I*ortland     Cement     Co., 

plant  of 284 

Boone  formation,   limestones  of.  oc- 
c  u  r  r  e  n  co.  character. 

and  analyses  of 91-97 

oolitic    meml)er    of,    occurrence 

of 96 

See  also  St.  Joe  limestone. 

Boonville,  Mo.,  shale  near,  analysis 

of 220 
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BossiirdvlIIe,    Pa.,    limestone    near, 

BDalyslB  of 281 

ilossardville  limestone,  analysis  of-.  241 
Uossburg,    Wash.,    limestone     near, 

analysis  of 325 

Branchvllle,    N.   J.,    llmestdne   near, 

analysis  of 238 

Brandon,      Miss.,      limestone     near, 

Analyses   of 219 

Brandy  Camp,   Pa.,   limestone  near, 

analysis  of 282 

Branner,  J.  C,  on  clnys  and  shales.  112 
BrnHStown    Creek,    S.    C.    limestone 

near,  analysis  of 2f)5 

Brier  II 111  Iron  and  Coal  Co.,  cement 

of 3Cs» 

Briery  Mountain,  W.  Va.,  limestone 

on,  analysis  of 327 

Bristol,  Wis.,  limestone  near,  analy- 
sis of 330 

Broadway,  Va.,  limestone  near 319 

Brockwayvllle,    Pa.,    limestone   near, 

analysis    of 282 

Bronson,  Mich.,  limestone  near,  anal- 
ysis  of 196 

shale  near,  analysis  of 199,200 

Bronson  Portland  Oment  <'o..  plant 

of 199 

Brooks    Mine,    Ariz.,    limestone    at, 

analyses  of '        93 

Brush     Creek,    Ark.,     limestone     at, 

analyses   of 97 

Brushy  Creek,  Tex.,  limestone  near, 

analyses   of 308 

Bryan,    Ohio,    shale    near,    analysis 

of 20.-» 

Buckeye  Portland  Cement  Co.,  plant 

of 274 

Buffalo,  N.  Y.,  plant  at 350 

Buffalo,  I*a.,  limestone  near,  analysis 

of 282 

Burlington,     Iowa,     limestone    near, 

analyses   of 157 

section  at 157 

Burlington  limestones,  occurrence  and 

charncter  of 156-157 

Byram,  Miss.,  limestone  nenr,  analy- 
ses   of 219 
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Cahaba,  Ala.,  limestone  at,  analysis 

of 77.83 

Calcls,  Ala.,  limestone  at,  nnn lysis  of-  03,  69 

Calcium  sulphate  In  Portliind  cement, 
occurrence  of  

Caledonia,  N.  Y.,  clay  nenr.  analysis 


of 
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limestone  near.  annlyslK  of 253 

California,  cement  rock  In.  :inn lysis  of         32 

clay  In.  analysis  of 121 

limestone  In.  nnalyses  of.  32.  117-120 
location  of,  map  showing. _  116 
occurrence  of.  __   32,116-120 

natural  cement  In,  hibllogrnphy 


of 
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Cflllfornla,  oil  as  fuel  In,  use  of-.  116.  121 

Portland  cement  In,  analysis  of-       121 

bibliography    of 121-122 

Portland-cement  Industry  In 116, 

120-121 
Portland-cement  resources  of_  116-122 
California  Portland  Cement  Co..  plant 

of,  location  of 120,121 

Calvin,  S.,  on  Iowa  geology—  148,  152-154 
Cambrian  limestones,  occurrence  and 

character  of 64,179-182 

189, 228,  294,  302,  354 
Sec  oliro  Arbuckle  limestone ; 
Trenton  limestone ; 
Knox  dolomite ;  Shen- 
andoah limestone ;  Con- 
asauga  formation. 

Cambrian  shales,  occurrence  of 61,  65 

Cambridge,    Kans..    limestone    near, 

analyses  of 169 

Campbell,  E.  D..  on  marls 43 

on  Portland  cement 47 

Campbell,  II.  I).,  acknowledgments  to-       313 
Canaan,  Conn.,  limestone  near,  anal- 
yses of 125 

Canastota,  N.  Y.,  limestone  near,  an- 
alysis of 2.53 

Candlot,  E.,  on  cements IS 

Cape    Fear    Hlver.    North    (Tarollna. 
limestone  on,   analysis 

of 268 

Carboniferous     limestones,     analysis 

of 122-123, 

231,  310, 342 

occurrence  of 122, 

146,  231,  275.  278.  282,  310,  342 
Src  also  MIssisslpplan.  Pennsyl- 
vanlan,    and    Permian 
limestones. 
Carlwniferous  shales,  analyses  of.  11.3-114, 

188 

occurrence  of 112  114,229 

See  also  MIssisslpplan  and  Penn- 
sylvania n  shales. 
Carl  lie    formation,    occurrence    and 

character  of 297 

Carpentersvllle.  N.  J.,  limestone  near, 

analyses  of 238 

Carter     limestone,     occurrence     and 

character  of 305 

Carthage,  Me.,  llmcKtone  near,  anal- 
yses   of 178 

Carthage  Landing.  N.  Y..  cement  of. 

analysis   of 

plnnt  at 

Castalia,  Ohio,   marl   and  clay  near. 

analyses  of 274-275 

plant  at 274 

Castalia  Portland  Cement  Co..  plant 

of .    .      .  .  274 

Catheys    limestone,    occurrence    and 

character   of  .  _    .__    _.        .305 
Catlett.     Charles,     acknowledgments 

to ;:i3,  318 

Catsklll,  N.  Y..  limestone  near,  anal- 
ysis of 250 


255 
255 


376 


INDEX. 


Page. 

Cntsklll  Cement  Co..  materials  of 2r»4 

plant   of 2G0 

Caj'Uffa  I'orlland  Cement  Co.,  lime- 
stone  and   shale   near, 

analyses   of^ 261 

plant  of 260 

Cedar  Valley  limestone,  character, 
occurrence,  and  analy- 
sis of 152-153 

Cedartown,     Ga.,     limestone     near, 

analysis  of 129 

Cement,  Ga.,  limestone  near,  natu- 
ral cement  from 337 

limestone  near,  analysis  of 330 

section  at 337 

Cement  rock,  analyses  of 289.336 

occurrence  and  character  of__  2.'»,  232, 
236,  288-289,  315-317,  336 

Cementon,  Pa.,  plant  at 284 

Cements,  analyses  of.  Sec  particu- 
lar States  and  dU- 
trirts. 

classes  of 18-20 

comparisons  of 19 

21-23,  334,  .339,  368,  370-372 
Sec  also  Portland  cement ; 
Natural  cement ;  Puz- 
zolan  cements ;  SlaR 
cement ;  Natural  l*ort- 
Innd  cement. 
Centerville,  N.  .T..  marl  near,  analy- 
sis of 243 

Central  Cement  Co..  plant  of 284 

Chain   I^ako,  Ind.,  marl  at,  analyses 

of 142 

Chalk,  an.ily8la  of 111.14s 

occurrence  and  character  of 99, 

147-149.  163 
section  »if  beds  of 14S 

Sec  a1nn  Niobrara  chalk ;  Selma 
chalk. 

(Mialk   Bluff,   Ala.,   clay  at,  analysis 

of 68,71 

Chandlers     Island.    N.    .7..    limestone 

near,  analysis  of_  234-235.  2S6 

Chanjrewater,   N.  .T..  limestone  near. 

nnalysis  of 234   2.3.'i 

Chazy,  N.  Y..  limestone  near,  analy- 
sis of 246 

Chazy  formation,  analyses  of 246 

occurrence  and  character  of 171, 

•J46-247,  31 1 

Cheat  lllver,   W.   Va.,   limestone  on, 

analysis  of 327 

Chelsea,  Mich.,  shale  near,  analysis 

of 204 

Cheltenham,  Mo.,  shale  near,  analy- 
ses of_ 21'6 

Cheshire,      Mass..      limestone     near. 

analysis  of 189 

Chester  i?roup.  limestone  of,  analysis 

of 174 

occurrence       an<r       character 

of 174,307 


Pflfre. 

Chester  sroup.  Sec  aUo  Ste.  Gene- 
vieve limestone;  Ban- 
gor limestone. 

Cheyi .:..{',      Wyo.,      limestone     near, 

analysis  of 331 

Chicago  I'ortland  Cement  Co.,  plant 

of 136 

Chlckamauga  Cement  Co..  plant  of-       336 

Chickamaufra  limestone,  analyses  of.  69,  129 

occurrence  and  character  of 61-64, 

128,  303-305,  336 

Chittenan;;o,  N.  Y.,  cement  rock  near, 

analyses  of 348 

natural  cement  of,  analysis  of 349 

Cincinnati,     Ohio,     limestone     near. 

analyses  of 270 

Cincinnati  group,  analyses  of 173-270 

occurrence  and  character  of_  172-205. 

270 

Clark,  A.  N.,  on  Coldwater  shales.  204-205 

Clarksburg,  W.  Va..  limestone  near, 

analysis  of 328 

Clarksville,  Ark.,  shale  from,  analy- 
ses of 11,3-114 

Clays  and  shales,  analyses  of.  Sre 
particular  localities  and 
formatiouH. 

(Mear    Creek,    Ind.,    limestone    near. 

analyses  of 139 

Clifton,  Mo.,  clay  near,  analysis  of ._        226 

Clifton     limestone,     occurrence     and 

character  of 306 

Cllftonvllle,  Miss.,  section  at 214 

Clinker,  grinding  of 5S 

Clinton,  N.  J.,  limestone  near,  analy- 
ses of 2;r>,  286 

(^linton,  Me.,  limestone  near,  analysis 

of 178 

(Minton.  Mo.,  shale  near,  analysis  of_       226 

Clinton,  N.  Y.,  limestone  near,  analy- 
sis of 250 

Clinton  Cement  Co..  plant  of 2S4 

Clinton  Iron  and  Steel  Co..  plant  of  _        294 

Clinton  limestones,  occurrence,  char- 
acter, and  analyses  of  _       27o 

Coal,  analyses  of 5r»,  1*;4 

crushing  and  drying  of 57  5*^ 

occurrence  of 84,  115.  164 

(\>al  Measures.  See  Pennsylvanian 
limestones  and  simles. 

Coblesklll,  N.  Y..  limestone  near,  anal- 
ysis of 2.'»0 

Coblesklll  limestone,  occurrence  of_-        345 

^'oke.   use  of 255 

Coldwater.     Mich.,     limestone     near. 

analyses  of 196 

shale  near,  analyses  of 199.  2(Kl 

(\)ldwater  shales,  occurrence,  char- 
acter, and  analyses 
of 199  200 

Colemanvllle.  N.  .T.,  shale  near,  anal- 
ysis of 288,317 

Colllnsvllle,    N.    Y.,    limestone    near, 

analysis  of 248  249 

Colorado,  cement  in,  bibliography  of       124 
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Colorndo,   cement  rock   in,   analysis 

of    32 

limestones    in,    occurrence    and 

analyses  of 32, 122-123 

Portland-cement  industry  In 124 

Portland-cement  resources  of-  122-124 

Tolton,  Cal.,  plant  at 121 

Columbia.  N.  J.,  limestone  near,  anal- 
yses of 234-235,  238 

Columbia,  N.  Y.,  limestone' near,  anal- 
ysis of 250 

Columbus,  Miss.,  section  at 217 

(^)himbus,  Ohio,  limestone  near,  anal- 
yses of 272 

Colvillc,  Wash.,  limestone  near,  anal- 
yses of 325 

Compton,  Miss.,, limestone  nt,  analy- 
sis' of 68 

(Vmasauga  formation,  occurrence  and 

character  of  ^ 330 

Conemaugh     formation,     occurrence 

and  character  of 282 

(\mnecticut,    limestone    in.   analyses 

of 124-125 

natural -cement       industry       in, 

bibliography  of 3.j5 

Coolc,  (5.  11.,  on  New  Jersey  lime- 
stones   240-242 

Cooley  Lake,  Ind.,  marl  at,  analysis 

of 141-142 

Coolldge,     Kans.,     limestone     near, 

analyses   of 170 

Cooper  River,  S.  C,  limestone  near, 

analyses   of 200 

Coosada,   Ala.,   shale  near,   analysis 

of ^ 07,70 

Coplay,  Pa.,  cement  rock  at,  analy- 
sis of ;i5.H 

plant  at 2H4 

Coplay  Cement  Mfg.  Co.,  plant  of 284 

Copper    Mountain.    Colo.,    limestone 

near,  analyses  of 123 

Corinth,   Md.,  shales  near,  analyses 

of 188 

Cornlferous  limestones,  occurrence, 
character,  and  analysis 
of 271-272 

(Cottonwood    Falls,    Kans.,    limestone 

near,  analyses  of 108 

Cottonwood      limestone,     occurrence 

and  character  of 229-2.^0 

Crabtree,  Md.,  1 1  most  one  near,  analy- 
sis  of 188 

section    at 187 

CralRSvllle,  Va..  limestone  and  shale 

near,  analyses  of .12.') 

plant  at 32.*? 

Crane.  T.  T.,  experiments  l)y 2.'>4 

Crapo   Luke,    Mich.,    limestone   near, 

analysis  of 100 

Creole  marble,  analysis  of 127 

Crescent  I'ortland  Cement  Co.,  plant 

of 284,294 

Cretaceous  clays,  occrurrence.  char- 
acter, and  analyses 
of —    65-68,  72,  84 
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Cretaceous  clays.  See  aUo  Tusca- 
loosa shale :  Eutaw 
formation ;  Ripley  for- 
mation. 

Cretaceous  limestones,  analysis  of.  130,  170 
occurrence  and  character  of.  130, 146- 
147,     169-170,   275,   278,   351 
Sec   also    Selma   chalk ;    White- 
cliffs  formation ;  Sara- 
toga   formation ;    Nio- 
brara limestone;  Winn- 
fleld     limestone ;     Coo- 
chie   Brake   limestone; 
Bayou      Chicot      lime- 
stone ;    Austin    chalk ; 
Goodland  limestone. 

Crider,  A.  P..  on  Selma  chalk 

Crinoidal  limestone.  See  Ames 
limestone. 

Croton,  Pa.,  limestone  near,  analysis 
of 

Croton-on-Hudson,  N.  Y.,  plant  at— 

Cumberland,  Md.,  cement  rock  at 

plant  at 

Cumberland  sandstone,  occurrence 
of 

Cummlnf?s,     Uriah,     on     New     York 

natural  cement 

on    l^ennsylvanla     natural     ce- 
ment  

Cushlng,  IL  I*.,  on  Chnzy  formatU»n_ 

Cypress  Pond,  Miss.,  limestone  near, 
analyses   of 


208 


282 
254 
344 
343 

172 

.349 

281 
240 
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Dakota    sandstone,    occurrence    and 

character    of 297 

Dallas,  Tex.,  limestone  near,  analy- 
sis  of 34.  .308 

plant    at 115,310 

Danbury,  Conn.,  limestone  at,  analy- 
ses of 125 

Darton,  N.  IL,  on  Black  Hills  geol- 
ogy     296-.301 

on  IIelderl)erg  limestone 240 

on  Nebraska  geology 229 

on  Mohawk  Valley 247 

on  Virginia  geology 313 

Davis,  C.  A.,  acknowledgments  to 194 

Dayton,  Ohio,  limestone  near,  analy- 
sis of 270 

Deadwood  formation,  occjirrence  and 

character  of 297 

Declper     area.     Ark.,     location     and 

character  of 109 

Deep    Lake,    Ind.,    marl   at,   analysis 

of 141-142 

Deopwuter,    Mo.,    shale   near,    analy- 
sis of 226 

Defiance,     Ohio,     cement     rock     at, 

analysis  of 352 

plant  at 352 

Dekalb,  Miss.,  lignite  near,  analyses 

of 210 

Dekalb  limestone,  analysis  of 103 
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Delaware,   llmeBtoDe  In 125 

Delaware    VN'ater    (Jap,    N.    J.,    clay 

near,  analysis  of 239 

288,317 
limestone  near,  analysis  of 281 

DemopoUs,  Ala.,  chalk  from,  analy- 
sis of 34 

limestone   at    and    near,    analy- 
ses of 75-76,  82,  83,  85 

DenlevIUe,  Ark.,  limestone  at.  analy- 
ses   of 07 

Des  Moines,  shale  at,  analysis  of 160 

Des  Moines  formation,  occurrence, 
character,  and  analy- 
ses of 160-161, 104 

Devils  Backbone,  Md.,  section  at 185 

l^vonlan  clays,  occurrence  and  char- 
acter of 222 

Devonian  limestones,  analyses  of-  152-153 

occurrence  and  character  of 163. 

228,  278 
See  also  State  Quarry  l>eds ; 
W  a  p  s  1  n  n  1  con  lime- 
stone ;  Cedar  Valley 
limestone ;  Jjlme  Treek 
limestone  ;  T  r  a  v  e  rse 
group. 

Dewart  I^ake,  Ind.,  marl  at,  analysis 

of  141-142 

Dexter,  Me.,  limestone  near,  analyses 

of 178 

Dexter   Portland   Cement  Co..   plant 

of 284 

Diamond  Portland  Cement  Co.,  plant 

of 274 

Dickinson,   111.,   limestone  and  shale 

near,  analyses  of 137 

Dlller,  J.  8.,  on  California  lime- 
stone   116,  119-120 

on  Oregon  limestone 277 

Dixie  brand,  manufacture  of 336 

Dobyvllle.  Ark.,  section  near ,   109 

Dollyhlde  Crwk,  Md..  limestone  near, 

analyses  of 181 

Dover,  Me.,  limestone  near,  analysis 

of 178 

Dowllngsvllle,    Pa.,    limestone    near, 

analysis  of 282 

Drakes  Pond,  N.  J.,  limestone  near, 

analyses  of 238,230 

Drayton  Hall,  S.  C,  limestone  near. 

analysis  of 206 

Dredging,  methods  and  cost  of 42 

Drying,  process  of 45-46 

Dundee,  Mich.,  limestone  near,  analy- 
ses of 101 

Dundee  formation,  occtirronce,  char- 
acter, and  analyses 
of 100-102 

Dunkard  formation,  occurrence  of__       282 

Duryee,  K..  analyses  by 88,258 

kiln  Invented  by 256 

on    Portland   cement  history   In 

New    York 253 
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Earlham,  Iowa,  limestone  near,  anal- 
ysis of 162 

section   at 162 

Earlham    limestone,   occurrence   and 

analysis  of 161 

See  also  Bethany  limestone. 
East  Bangor,  Pa.,  shale  near,  analy- 
sis of 288,317 

East  Kingston,  N.  Y.,  plant  at 253 

Edgewood,  Ala.,  clay  at,  analysis  of-         71 
Edison   Portland  Cement  Co.,   plant 

of 244 

Egypt,  Pa.,  plant  at 284 

Eldorado,  Kans.,  limestone  near,  anal- 
yses   of 160 

Elfert,  Ohio,  limestone  near,  analysis 

of 273 

Elk  Lick  limestone,  occurrence  of 2S2 

Elm  Point,  Mo.,  clay  near,  analysis 

of 226 

Empire  Portland  Cement  Co.,  cement 

of,  analysis  of 262 

methods  of 51-53.261 

mixtures  of,  analyses  of 53.  262 

England,  slag  from,  analyses  of 361 

Englewood  limestone,  occurrence  and 

character  of 207-20K 

Eocene  limestones,  analysis  of 31(» 

character  of 84 

Epes,  Ala.,  limestone  at,  analysis  of-  75.  82 

Etowah  marble,  analysis  of 127 

Eureka  Peak,  Utah,  limestone  near, 

analysis  of 310 

Eutaw  formation,  character  of 
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Falrplay,  Cclo.,  limestone  near,  anal- 
yses of 122-123 

Falk,    M.    S.,    on    cements,    mortars, 

and   concrete 17 

Farmington,  Mich.,  shale  near,  anal- 
ysis of 204 

Farmington,     Mo.,     limestone     near, 

analyses    of 178 

F^ayetto  breccia,  analysis  of 152 

Fenton,  Mich.,  limestone  near,  analy- 
ses of 106 

shale  near,  analyses  of 204 

Fern  T^eaf  brand,  analysis  of 342 

Ferriferous  limestones,  occurrence, 
character,  and  analy- 
ses  of 273,282-283 

FIshpot  limestone.  See  Sewlckley 
limestone. 

Florence,  Colo.,  oil  at  and  plant  near.       124 
Florida,   natural   cement   In,  bibliog- 
raphy of 355 

limestone     in.     occurrence    and 

analyses   of 126 

Portland-cement  resources  of 126 

Flushing.  Mich.,  shale  near,  analy- 
sis   of 202 
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Foerste,  A.  F.,  on  Rhode  Island  geol- 
ogy  -- 294 

Fontana,      Kans.,      limestone     near, 

analyses   of 108 

Fort  Dodffe,  clay  at,  analysis  of 160 

Fort   Scott,    Kans.,   cement   rock   nt, 

analyses    of 342 

natural  cement  at.  analyses  of.       .{43 
plants  at :U2 

Fort  Smith,  Ark.,  shale  from,  analy- 
ses of 113-114 

Fort    Worth,    Fla.,    limestone    near, 

analyses   of 126 

Fossil     Hill,    Nev.,   limestone    near, 

analysis    of 231 

Foster,  Mo.,  shale  near,  analysis  of.       226 

F^ourmile  Lake,  Mich.,  limestone  near, 

nnaljpsis  of .     196 

Fox  Hills  sandstone,  occurrence  and 

character  of 296 

France,  Portland  cement  of.  char- 
acter of 22 

slag  in,  analyses  of 361,370 

Frederick,  Md..  limestone  near,  anal- 
yses of --        181 

Freeport  limestone,  occurrence  of 282 

Fremonts  Pass.  Nev.,  limestone  near, 

analysis  of 231 

Fuel,  availability  of.  relation  of 
Portland  cement  Indus- 
try   and -   17,39 

requisite  amount  of 54 

Fuller's  earth,  analyses  of 114 

Fuson     formation,     occurrence    and 

character  of 297 
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Gadsden,  Ala.,  shale  at.  afialysis  of.  65,  71 
Gainesville,    Ala.,    limestone   at   and 

near,   analysis  of__  74-75,  82 
(ialena,  Kans.,  limestone  near,  analy- 
ses of 166 

Galena     limestone,     occurrence    and 

character  of 329 

Garnett.  Kans.,  limestone  near,  analy- 
ses of 107- lOS 

Gas  as  fuel,  use  of 56 

(late  (Mty,  Ala.,  limestone  at,  analy- 
sis of 69 

Georgia,  cement  rock  in.  analyses  of_        .'i37 

geoloplcal  map  of  part  of    62 

limestone     In,     occurrence     and 

a nalyses    of 1 27  - 1 3 1 .  33(5 

marble   in 127 

marls  In 130 

natural  cement  In.  analyses  of     336.  3.30 
natur;il-<'f»mont  industry  In   .  .  336-3.*J0 

bibliography  of 3,^i6 

naturnl-cement  resources  of XUi 

T'ortl.'ind  cement  in,  market  for.        126 

Portland-cement   Industry   in 120, 

130-131 
Portland-cement  rosources  nf_   126   131 
German-American    Portland    Cement 

Co.,  plant  of 136 
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(lila    River,    limestone   on,    analyses 

of - 88 

Glllmore,  Q.  A.,  on  Portland  cement 
history  at  Rosendale, 
N.  Y 254 

(ilrardeau  limestone,  occurrence  and 

character  of 220 

<flasgow    Junction,     Ky.,     limestone     ' 

nenr,  analyses  of 174 

(lien  Allen,  shale  near,  analysis  of 71 

Glencoe,  Mo.,  limestone  near,  analy- 
ses of 221 

Glenford,  Ohio,  limestone  near,  analy- 
sis  of 272 

Glens  Falls,   N.   Y.,   limestone  near, 

analyses  of 248-249.  263 

plant  at 258,  262-263 

shale  at,  analysis  of 263 

Glens  Falls  Portland  Cement  Co..  ce- 
ment of.  analysis  of.  262-263 

Glen  wood    Springs,    (*olo.,    limestone 

near,  analyses  of 122-123 

Gold,  production  of,  comparison  of 
Portland  cement  pro- 
duction and 15-16 
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analys<^   of 154 

Massachusetts,  limestones  in,  occur- 
rence and  analyses  of.       189 

Materials,  raw,  occurrence  of 25 

Mauch  Chunk  formation,  occurrence 

and  character  of 282 

Maxinkuchee    Lake,    Ind.,    marl    at, 

analysis  of 142 

Maxviile  limestones,  occurrence, 
character,  and  analy- 
ses of 272 

Mentor,  Ky.,  plant  at 172,269 

Mercer  limestone,  occurrence  of 282 

Michigan,    cement    of,    bibliography 

of 205-206 

cement    plants    In,    location    of. 

map    showing 190 

clay  and  shale  in 198-205 

geological  map  of 190 

limestone     in,     occurrence    and 

analyses   of 190-197 

marls  In,  analyses  of 106-107 

location  of,  map  showing..       190 
occurrence     and     cliaracter 

of 194-195 

Portland-cement  Industry  In 189 

I  Portland-cement  resources  of_  189-206 

Michigan  Alkali  Co.,  cement  of 190 

Michigan  series,  occurrence  and  char- 
acter of 193-194 

Middle  Branch,  Ohio,  plant  at 274 

Mllbury,  Qhlo.  shale  near, analysis  of.       205 


IKDEX. 


385 


Page. 
Mflbous,  Ala.,  limestone  near,  analy- 
sts of 82 

Mill  Canyon,  Utah,  limestone  near, 

analysis  of 310 

Mill  Creek,  Arlc.,  limestone  at,  analy- 
sis of 97 

Mills    Lake,    Mich.,   limestone   near, 

analysis  of 196 

Milton,  N.  Dak.,  chalk  from,  analy- 
sis of 31 

plant  at 351 

Milltown,  Ind.,  limestone  near,  anal- 
yses of 139 

Milwaukee,  Wis.,  cement  rock  near, 

analysis  of 355 

plants  near 355 

Milwaukee  Cement  Co.,  plant  of 355 

Minck  Station,  Mo.,  limestone  near, 

analyses    of 221 

Mineral  Point,  Wis.,  limestone  near, 

analysis  of 330 

Mining,  methods  and  cost  of 41-42 

Minnekahta     limestone,     occurrence 

and  character  of 297. 

299-300 

section  of  and  analysis  of 300 

Minnelusa  formation,  occurrence  and 

character  of 297 

Minnesota,    cement    ruck    in,    occur- 
rence and  analyses  of  _  344-345 

limestone  in 206 

natural  cement  industry  of 344 

Minnewaste  limestone,  occurrence  and 

character  of 297 

Miocene  llme^itones.  analyses  of 231 

Mississippi,  clay  and  shales  in 209 

chalk  in 34,207-218 

geological  map  of 02 

lignite  in,  occurrence  and  analy- 
sis of 210 

limestones  in 206-219 

Portland-cement  resources  of_  206-219 

transportation   in 206 

Misslsslppian  limestones,  analyses  of.        68. 

122-123.  134,  139. 
166,  174,  207,  224 

occurrence  and  character  of 61, 122. 

133.  165-166.  206-207. 
220-224,  227-228,  282 
See  aUo  Greenbrier  limestone ; 
Bangor  limestone :  Kns- 
kaskia  group ;  Mitchell 
1  Imestone ;  Bedford 
limestone;  Ilarrods- 
burg  limestone ;  Knob- 
stone  group;  Kinder- 
hook  limestone ;  Osage 
formation ;  St.  Louis 
limestone ;  Spergen  Hill 
limestone ;  Ste.  Gene- 
vieve limestone ;  Max- 
vllle  limestone;  Tulla- 
homa  formation. 
Misslsslppian  shales,  analyses  of 225 

BuU.  243—05 25 
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Misslsslppian  shales,  occurrence  and 

character  of 61,65-66 

See  also  Knobstone  group ;  Kas- 
kaskia  group ;  Hannibal 
shale. 

Missouri,    cement    of,    market    and 

transportation    for__  219-220 
clay  and  shale  in,  occurrence  and 

analyses  of 222,  225-226 

geology    of 220 

geological  map  of 220 

limestone     in,     occurrence    and 

analyses    of 221-226 

Portland-cement  industry  in 219,  227 

Portland-cement  resources  of_  219-227 

MisBourlan  formation,  occurrence, 
character,  and  analyses 
of 161-163 

Mitchell,   Ind.,   limestone  and   shale 

at,  analyses  of 144 

plant  at 142 

Mitchell  formation,  character  and  oc- 
currence   of 138 

Moccasin   limestone,  occurrence  and 

character  of 304 

MoIIne,  Kans.,  limestone  near,  analy- 
ses of 168 

Molltown,  Pa.,  plant  at 284 

Monongahela    formation,    occurrence 

and  character  of 282 

Monroe    Corners,    N.    J.,    limestone 

near,  analyses  of 238,  243 

Mont  Alto,  Pa.,  limestone  near,  anal- 
ysis of 280 

Mont   Jackson,   Pa.,    limestone  near, 

analysis   of 282 

Montague.  N.  J.,  limestone  near,  anal- 
yses, of 242,  243 

Montana,    limestones   of,    occurrence 

and  analyses  of 227-228 

Portland-cement  resources  of-  227-228 

Montebello   Narrows,    Pa.,    limestone 

near,  analysis  of 281 

Montezuma,  Ga.,  limestone  near,  anal- 
yses   of 130 

Montezuma,    N.    Y..    limestone   near, 

analysis  of 253 

plant  at 257-258 

Moore  Lake,  Ind.,  marl  at,  analyses 

of 142 

Morrison,  Colo.,  limestone  near,  anal- 
yses of 122-123 

Mosherville,    Mich.,    limestone    near, 

analyses   of 197 

Monndsville  Narrows,  W.  Va..  lime- 
stone near,  analysis  of.       328 

Mount  Etna  Furnace.  Pa.,  limestone 

near,  analysis  of 280 

Mount    Holly,    Pa.,    limestone    near, 

analysis  of 280 

Mount  Jackson,  Va..  limestone  near, 

analysis  of 320 

Mount  Morris,  N.  Y.,  marl  and  clay 

from,  analysis  of 266 
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Mount  Savage  Furnace,  Ky.,  lime- 
stone near,  analyses  of-       175 

Mount  Sidney,  Va..  limestone  near 321 

!Lount   Sllverheels,    Colo.,    limestone 

near,  analyses  of  1__  122-123 

Mountain  limestone.  See  Chester 
group ;  Greenbrier  lime- 
stone. 

Mud    Lake,    Ind.,   marl   at,   analysis 

of 141-142 

Mumford,  N.  Y.,  limestone  near,  anal- 
yses of 253 

Murphrees  Valley,  limestone  in,  anal- 
ysis of 68 

Murpbreesboro  limestone,  occurrence 

and  character  of 305 

Murphy,  N.  C,  limestone  near,  anal- 
yses of 268 

Myrtle  Grove,  N.  J.,  limestone  near, 

analysis  of 238 


N. 


Napa  Junction,  limestone  at,  analy- 
ses of 121 

plant  at 121 

Natural  Portland  Cement  Co.,  plant 

of 254 

Natural  cements,  analyses  of 282 

bibliography  of 355-356 

character  of 333 

burning  of 336,342 

definition  of 10-20,  333-334 

differences  between  hydraulic 
limes  and  Portland  ce- 
ments and 21-23,334 

fuel   for 342 

hydraulic  properties  of 334 

manufacture  of,  beginning  of 348 

methods  of 335-336 

occurrence  of 333-356 

raw  materials  of 334-335 

Natural  Portland  cements,  manufac- 
ture of 267 

occurrence  of 21-23,333 

Nauvoo,  111.,  limestone  near,  analj'ses 

of 134 

Nazareth.  Pa.,  plant  at 284 

Nazareth  Cement  Co.,  plant  of 284 

Nebraska,  chalk  In 34 

clays  and  shales  In 229-230 

limestones  in 229-230 

Portland-cement  resources  of_  229-230 
Negro  Mountain,  Md..  limestone  near, 

analysis  of 188 

Nevada,    limestones    in,    occurrence 

and  analyses  of 231 

New  Albany  Cement  Co.,  plant  of 341 

New  Carlisle,  Ohio,  limestone  near, 

analyses  of 270 

New  Hampton,  N.  J.,  limestone  near, 

analysis  of 234-2.35 

New    Jersey,    cement    rock    of.    map 

showing  distribution  of       284 
clay  and  shale  in,  occurrence  and 

analyses  of 239 


Page. 
New  Jersey,  geology  of_-  232,  236,  239-240 
limestone     in,     occurrence    and 

analyses  of 232, 

234-2.35,  237-238,  241-242 
marls  In,  occurrence  and  analy- 
ses of 242-243 

Portland  cement  in,  bibliography 

of 244-245 

production  of  __  231-232,  244-245 
Portland-cement  industry  ln_  243-244 
Portland-cement  resources  of_  231-245 

section  In 2,36 

slag  cement  in 371 

New  Lisbon,  cement  rock  at,  analy- 
sis of 352 

plant  at 350 

New  Richmond,  Ohio,  limestone  near. 

analysis  of 270 

New    Sharon,    Me.,    limestone    near, 

analyses  of 178 

New   York,   cement   rock   In,    occur- 
rence and  analyses  of.     346- 

331 
clays  and  shales  In,  occurrence 

and  analyses  of 256, 

258-263,  265-266 

limestones    in 245-253 

analyses  of 246,  248- 

250,  252,  256,  260-261,  264 

location  of,  map  showing 246 

marls  in.  occurrence  and  analy- 
ses of 24.5. 

252-253,  258-259,  265-266 

natural-cement   industry  in 345- 

346,  348-350 

bibliography  of 35b 

natural  cement  of,  analyses  of-     347- 

249,  351 

naturnl-cement  resources  of 345-351 

natural  Portland  cement  in 267 

manufacture  of 255-256 

market  for 247 

Portland-cement  industry  in 24 .'j, 

253-267 

history    of 253-258 

Portland    cement    of,    anulvses 


of 


255- 


256,  258-260,  262-264,  266 
Portland-cement  resources  of_  245-207 
Newbern,  N.  C,  limestone  at,  analy- 
sis of 26H 

Newl>erry,   S.   B.,  on   allowable  per- 
centage of  magnesia 24 

on  grinding  and  mixing 47 

Newcastle,  Pa.,  limestone  near,  anal- 
ysis of 282 

Newland   limestone,   occurrence   and 

character  of 228 

Newmarket,  Va.,  limestone  near 320 

Newton.  N.  .T..  limestone  near,  anal- 
yses of 234-2,35,  238,  242 

shale  near,  analyses  of 239 

Niobrara  formation,  occurrence  and 

character   of 12.^, 

148,  229-230,  269,  296,  301 
Norborne,  Mo.,  clay  near,  analysis  of.       22G 
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Norrldprewock.    Me.,    limestone   near« 

analysis  of 178 

North  Adams.  Mass..  limestone  near» 

analysis  of 189 

North  Rlrmlnf^hnro.  Ala.,  shale  near, 

analysis  of 66,70-71 

North    Carolina,    limestones    In,    oc- 
currence  and   analyses 

of 267-268 

marls  In,  occurrence  and  analy- 
ses of 268 

Portland-cement  resources  of-  267-268 

North   Dakota,   cement   rock   In.  oc- 
currence  and   analyses 

of .34,  269.  .3.52 

clay  In 269 

natural  cement  In,  analyses  of —       351 

North  .Tudson  Marsh.  Ind.,  marl  at, 

analj^sls  of 142 

North    Park,   Colo.,   limestone   near, 

analyses  of 122-123 

Northampton,  Pa.,  plant  at 284 

Northampton  Portland  Cement  Co., 

plant  of 284 

Norton,  W.  H.,  on  Wapslnnlcon  for- 
mation         151 

Notre    Dame    Lake,   Ind.,   marl    at, 

analysis  of 142 


O. 


Ofclesby,    111.,    limestone    and    shale 

near,  analyses  of 

section  at 

Ohio,    cement    rock    In,    occurrence 

and  analyses  of 

clays  and  shales  In,  occurrence 

and  analyses  of.   205,  274 

fuel   In 

limestones    in.    occurrence    and 

analyses   of 269 

marls  in,  occurrence  and  analy- 
ses of 273, 

natural-cement  industry  In 

Portland  cement  In,  market  for_ 
Portland-cement  Industry  In  _  273- 
Portland-cement  resources  of_  269- 

slai?  cement  in 

Ohio  Valley  Cement  Co..  plant  of — 
Oil.  as  fuel,  use  of—  56. 116,  121. 124. 
Okanogan    Highlands.    Wash.,    lime- 
stone In.  analyses  of-   324 
Oklahoma,    cement    in.    market    and 

transportation  for 

limestone  In 275 

map  of  part  of 

Okolona,      Miss.,      limestone      near, 

analyses   of 

Okolona    area,    Ark.,    location    and 

character  of 107 

Old     Town     Creek,     Ivy.,     limestone 

near,  analyses  of 

Olsen's  switch.  Ark.,  clay  at.  analy- 
ses of 

'   Opeche    formation,    occurrence    and 

character  of 1 


136 
1.36 

.352 

275 
269 

-274 

275 
352 
269 
275 
273 
,371 
.341 
255 

-325 

277 
277 
308 

218 

109 

174 

114 

297 


Page. 

Ordovlclan     clays,    occurrence     and 

character    of 61,65 

Hee  aluo  Rockmart  slates;  Cin- 
cinnati group ;  Hudson 
shale. 

Ordovlclan     limestones,     occurrence 

and  character  of 189, 

275,  277,  325-326.  329,  844 
See  al9o  Viola  formation ;  Cin- 
cinnati group ;  Trenton 
limestone :  Knox  do- 
lomite :  Lenoir  lime- 
stone ;  Sevier  shale ; 
C  h  1  c  k  a  m  a  uga  lime- 
stone ;  Stones  River 
group  ;  I  vipers  forma- 
tion ;  Chazy  forma- 
tion ;  Shenandoah  lime- 
stone ;  Lower  Magne- 
sian  limestone ;  Platte- 
ville  limestone. 

Oregon,  limestones  in 278-279 

Oriskany     Falls,     N.    Y.,    limestone 

near,  analyses  of 250 

Ormrod,  Pa.,  plant  at 284 

Osage  formation,  occurrence,  char- 
acter,     and      analysis 

of 1.16-157,  163 

section  of 157 

Oshorn,  Ohio,  limestone  near,  analy- 
ses of 270 

Oskaloosa,     Iowa,     limestone     near, 

analyses  of 159 

Ottawa,      Kans.,     limestone      near, 

analyses  of 168 

Ottumwa,     Iowa,     limestone     near, 

analyses  of 158 

shale  near,  analyses  of 160 

section  at 15** 

Oven  Bluff,  Ala.,  advantages  of 79 

clay  at.  analysis  of 82 

Owen  station,  Ohio.  limestone  near, 

analyses   of 271-272 

Oxanna,  Ala.,  shale  at,  analysis  of.  65,  71 

Oxford,  N.  J.,  limestone  near,  analy- 
sis of 235,286 

P. 

Pacific  Portland  Cement  Co.,  plant 

of,   location  of 120 

Pahasapa  limestone,  occurrence  and 

character  of 297-290 

Paleozoic  shales,  analyses  of 70-71 

Parleys  Canyon,  Utah,  limestone  in, 

analyses   of 310-311 

Pattenburg,    N.    J.,    limestone    near, 

analyses  of 238 

Pattersons    Creek,    limestone    niear, 

analysis  of 326 

Pea     Ridge,     Ky.,     limestone     near, 

analyses   of 175 

Peapack,  N.  J.,  limestone  near,  anal- 
yses of 235,  286 

Peerless       Portland      Cement       Co., 

quarry  of 199 
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Telia,   Iowa,   limestone  near,  analy- 
ses of 159 

Pelhi  beds,  character  and  occurrence 

of 163-164 

Pembina.  N.  Dak.,  plant  at 335 

Pen  n- A  lien    I'ortland    Cement    Co., 

plant  of 284 

Pennsylvania,  cement  rock  In.  loca- 
tion of,  map  showing-       284 
cement  rock  In.  occurrence  and 

analyses   of 287,289,352 

clays  and  shales  In,  occurrence 

and  analyses  of 287-288 

kiln  coals  In.  analyses  of 56 

limestone     in,    occurrence     and 

analyses   of 279-283. 

285-287,  289-290 

map  of 314 

natural-cement  Industry  in 352 

Portland-cement  Industry  in  _  284-294 
Portland  cement  of.  analyses  of-       292 

production  of 284.293 

Portland-cement  plants  In 284 

I'ort land-cement  resources  of_  279-294 

slaff  cement  In 371 

Pennsylvania  Cement  Co.,  plant  of-       284 
Pennsylvanian    limestones,    analyses 

of 135. 

141-142,  175,  225,  328 

occurrence  and  character  of 61. 134, 

140-141,  174-175.  225,  327-328 
Sec  also  Des  Moines  formation ; 
MIssourian  formation ; 
Bethany  limestone ; 
Cottonwood  Falls 
limestone ;  Ferriferous 
limestone. 

Pennsylvanian  shales,  analyses  of 136, 

160.  225 
occurrence  of 61.66,135-136,225 

Penville.     N.     J.,     limestone     near, 

analysis  of 235 

Perklnsville,  N.  Y..  limestone  near. 

analysis  of 253 

Permian  limestones,  occurrence,  char- 
acter, and  analyses 
of 169.220 

Perris.  Cal.,  clay  of.  analysis  of 121 

I*eter8  Valley.  N.  "J..  limestone  near. 

analysis  of- 242 

I*etersburg,  W.  Va.,  limestone  near. 

analysis  of #    327 

Phillips.  Me.,  limestone  near,  analy- 
ses of 178 

Phllllpsburj?,   N.   J.,   limestone  near, 

analysis  of 234-235 

plant  at 23i5 

Phoenicia.  N.  Y.,  clays  near 2.'»4 

Phoenix  Cement  Co..  plant  of 284 

Plckensvllle.   Ala.,   section   at 215 

Pierce,  Wis.,  limestone  near,  analy- 
sis of 330 

Pierce     limestone,     occurrence     and 

character  of 305 


Page. 
Pierre   shale,   occurrence   and   char- 
acter of—  229-230.269,296 
Plnckney.  Mich.,  shale  near,  analy- 
sis of 203 

Pine    Valleyf  Nev.,    limestone   near, 

analysis  of 231 

Piney    Run,    Md.,    limestone    near, 

analysts  of 188 

Piqua.  Ohio,  limestone  near,  analy- 
sis of 270 

Pitkin     limestone,     occurrence     and 

character  of  _L 98-99 

Pittsburg.  Pa.,  plant  at 284,  294 

Pittsburg  limestone,  occurrence  of 282 

Plaster,  burned,  use  of 58-59 

Platteville  limestone,  occurrence  ond 

analysis  of 329-.330 

Pleasant  Lake,  Mich.,  limestone  near, 

analysis  of 197 

Pleasant  Valley,  Md.,  limestone  near. 

analysis  of 181 

Pleistocene  clays,  occurrence,   char- 
acter,     and      anal.vses 

of 202-205.  226 

Pliocene  limestone,  analysis  of 231 

Plummer  Lake,  Mich.,  limestone  near, 

analysis  of 197 

I'ocahontas  coal,  analysis  of 164 

Pocono    formation,    occurrence    and 

character  of 282 

Point  Pleasant,  Ohio,  limestone  near. 

analysis  of 1 270 

Polk  Bayou,  Ark.,  limestone  at,  anal- 
ysis of 91,93,97 

Polk    Bayou    limestone,    occurrence, 
character,  and  analyses 

of 91-93 

I*ond  Mountain.  Ark.,  limestone  at. 

analyses  of 97 

Portage  River,  Mich.,  limestone  near, 

analyses  of 194 

Portland  cement,  analyses  of 82. 

86,  255,  256,  259,  292 

barrel  of,  weight  of 40 

burning  of 43,53-58 

comparison  of  natural   cements 

and 21-23 

composition  and  character  of 23-24, 

39-40 
composition  of.  relation  of  burn- 
ing and 5C 

definition  of 20-23.43 

grinding  of 43,58 

ingredients  of 25-2(1 

literature  of 17-18,  35,  53. 

86.  116,  121,  124,  137.  144.  244 
manufacture  of.  dry  process  of  _  44-50 

fuel  requirements  of 54-5G 

growth  of ir» 

materials      necessary      for. 

quantity  of 40 

methods  of 43-59.  288-201 

wet  process  of 44,50-53 

materials  for,  analysis  of 53 

character  of 16-17 


INDEX. 


389 


Page. 
Tortland  cenient — Continued. 

materials  for,  drying  of 4.'>-4tt 

excavating  of,  methods  and 

cost  of 41-43 

grinding  and  mixing  of-  43,  46-53 

location  of 17 

value  of 16-17 

water  In 44-46 

production    of,    comparison    of 

gold  production  and 15-1(> 

diagram  showing 16 

value  of 15-16 

Portland  cement,  natural.     Sec  Nat- 
ural Portland  cement. 
Portland    Cement    Co.    of   Colorado, 

plant  of 124 

Portland  Cement  Co.  of  Utah,  plant 

of 310-311 

Portland-cement  plants,  location  of  _         60 

location  of,  map  showing l.*i 

Portland  Point,  N.  Y..  limestone  near, 

analyses  of 252 

plant  at 260-261 

Potomac,  Md.,  plant  at 343 

section    near 185 

Pottersvllle,    N.    J.,    limestone   near, 

nnnlysis  of 235.286 

Pottsvllle  formation,  occurrence  and 

character    of 282 

Poxono  Island,   Pa.,  limestone  near, 

analysis  of 281 

Prairie     Rock,     Miss.,     chalk     near, 

analyses   of 213 

I'roctor,   Vt.,   marble  near,  analyses 

of i_       311 

Productive  Coal  Measures,  occurrence 

and  character  of 160- 

161.  164,282 
Prospect,     N.     Y.,     limestone     near, 

analysis  of 248-249 

Prospect  Hill,  Mo.,  plant  at 227 

shale  near,  analysis  of 226 

Piosser,  C.    S..  on   Nebraska   forma- 
tions     220-230 

Prost,  M.  A.,  on  slag  cements 360 

Prussia,  trass  from 358 

Puzzolan  cements,  definition  of 20.357 

manufacture  of 350-372 

materials  for 357-359 

See  also  Slag  cement. 
Pozzuolana,     occurrence,     character,   - 

and  analyses  of 357-338 

PoKzuoll,  Italy,  pozcuolana  from 357 

Pyramid  Lake,  Nev.,  limestone  near, 

analysis  of 231 


Q. 


Quarrying,  methods  and  cost  of 41 

Qulncy.  III.,  limestone  near,  analyses 

of 134 


R. 


Rathbun,  Icwa,  limestone  near,  anal- 
ysis  of 161 


I*age. 

Rauchs    Gap,    Pa.,    limestone    near, 

analyses  of 280 

Ravine,  Miss.,  sections  at  and  near 214 

Raw  materials,  cost  and  methods  of 

excavation   of 41-43 

Reading  Cement  Co.,  plant  of 284 

Red    Buttes,    Wyo..    limestone    near, 

analysis  of 331 

Red  Clay,  Ga.,  limestone  near,  analy- 
sis of 127 

Red     mils,    Miss.,    limestone    near. 

analyses  of 219 

Red  Sulphur  Springs,  W.  Va..  lime- 
stone near,  analysis  of       327 

Redding,  Cal.,  limestone  near,  analy- 
sis of 119-120 

Redstone  limestone,  occurrence  of 282 

Renfrew,  Mass.,  limestone  near,  anal- 
ysis  of 189 

Rhode    Island,    limestone    In,    occur- 
rence and  analysis  of_     294- 

295 

Rhodes    Mill,     Ark.,     limestone    at, 

analyses  of 94 

Richmond,  Pa.,  limestone  near,  anal- 
ysis of 282 

Rldgwood,  Ark.,  clay  from,  analyses 

of 114 

Ridley     limestone,     occurrence     and 

character  of ,305 

Rles,  Helnrlch,  on  Michigan  shales.  200-205 
on  New  York  cement  Industry. _       .3.TI0 

Ripley  formation,  character  of 72 

Rising    Fawn,    Ga.,    limestone    near, 

analyses  of 129 

River   Junction,    Pla.,    limestone   at, 

analyses    of 126 

Roberts  Mill.  Ala.,  shale  at,  analj'ses 

of 67,70-71 

Roche  Harbor,  Wash.,  limestone  near, 

analysis   of 324 

Rock    Point,    Oreg.,    limestone    near. 

anal.vsls   of 278 

Rock  Run,  Ala.,  shale  at.  analyses  of.  65,  71 

Rock    Springs.     Ala.,     limestone    at. 

analyses    of 63.60 

Rockland,    Me.,    limestone   and   clay 

near,  an.niyses  of 177 

Rockmart,  Ga.,  limestone  and  shale 

near,  analyses  of 129,  131 

plant  at 127,  131 

Rockmart     slates,     occurrence     and 

analysis  of 131 

Rockwood  formation,  occurrence  of_-        303 

Rocky  Comfort  area.  Ark.,  chalk  and 
marl     from,     analyses 

of _-   111-112 

location  and  character  of_  90-101,  115 

Rocky  Point,  N.  C,  limestone  near, 

analyses    of 268 

Rodman      Furnace,     Pa..     limestone 

near,  analysis  of 280 

Roes  Bluff,  Ala.,  limestone  uenr.  anal- 
yses  of 75,82 

Rogers,  Ark.,  limestone  at,  analyses 

of 07 


acler,  and  bdrIj'hs  of-  l>^-94  Sniilt  Str.  Marie,  abale  Dear,  annlfila 

I.ouls.    J[ii.,   Hiij-    iioiiM.   aniilysM  j  o( 204 

iif --       2L'lt  ^nx>lin.  MIM..  chaJk  near,  anal;*e«  of       :;io 

Ij>iiIs  lln.fKOne.  annl;rBP9  of 1.-.8-  '  Seorls  <iulch,  Colo..   llmpatoDe  near, 

151>,  174  iinnlysea    of 123 

wfurrenre  and  cbapaclcr  of l.'iT-  Sclma.  Alii,.  MmeittoDe  at.  nDaljaeaof,  7".  8.1 

I.'iO,  l<i;t-lii4. 174.  ;t07  tlelmn  olinlk.  nnalyBes  of,  20B-2I4.  210-21R 

.      I.o'il,i      IWtlnnrt     (Vtnent     O...  84.207-218 

plant   cif 227  Set   of   rrnipnu.    time   and   compaTl' 

.  I'Diil.  M«..  Ilm<>>iiiiip  ni'ir.  atmly-  anna  of 10.  .134.  370-»71 

sea  of 2;;i       Sprier  abale.  occurrence  »f . 30S-S0i 
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Seville,  Fla.,  limestone  near,  analyses 

of 120 

Sewlckley  limestone,  occurrence  of 282 

8tiales  and  clays,  analyses  of.     See 

particular  locaUtiea  and 

formations. 

Shavers  Mountain,  W.  Va.,  limestone 

near,  analysis  of 327 

Sbedd.  S.,  on  Washington  stones 325 

Shelby,  Ala.,  limestone  near,  analyses 

of - 6;j,  6» 

Shell  Bluff,  Ga.,  limestone  near,  anal- 
yses of 13U 

Shenandoah     limestone,     occurrence, 
character,  and  analyses 

of 313-317 

Shepherdstown,  W.  Va.,  plant  at.  343,  354 
Slierzer,  \V.  II.,  on  Michigan  geology.  191 
Shiloh,    N.    J.,    marl    near,    analysis 

of 242 

Short  Creek,   Kans.,  limestone  near, 

analyses  of 166 

Shuqualak.  Miss.,  chalk  near,  analy- 
ses of 216 

SIel)enthal,    C.    E.,    on    Pitkin    lime- 
stone           OS 

Siegfried,  Pa.,  cement  rock  at,  analy- 
sis of 353 

plant  at 284 

Silica  in  Portland  cement,  occurrence 

of 28-21) 

percentage  of 24-25 

Siliceous  limestone,  occurrence  of 282 

Silurian  clay,  occurrence  of 61,  65 

Silurian  limestones.  Sec  Hunton 
limestone ;  Helderbcrg 
limestone;  Clifton  lime- 
stone ;  Niagara  group ; 
Linden  limestone ;  Han- 
cock limestone ;  Galena 
limestone. 
Silver  Lake,   Ind.,  marl  at,  analysis 

of 141-142 

Silverdale,     Kans.,     limestone     near, 

analyses  of 169 

Sioux    Peak,    Utah,    limestone    near, 

analysis  of 310 

Slag,  analyses  of 38,361 

character  of 37,350-362 

cost    of 50 

drying  of 40,363-365 

granulation  of 40.362-363 

use  of 25-26,47-50.135,350 

Slag  cement,  analyses  of 370 

character  of 360-371 

comparison  of  Portland  cements 

and 350,308,370-372 

Identification  of 370-371 

manufacture  of 350-372 

plants  for,  location  of 371 

materials  for 350 

prices  and  properties  of 371-372 

Slate,     character,     occurrence,     and 

analyses  of ,38-.30,  131 

use  of. 30 


I'age. 
Siigo  Furnace,   Pa.,   limestone  near, 

analysis  of 282 

Smith,  10.  A.,  on  Portland  cement  re- 
sources of  Alabama 60-84 

on   Selma  chalk 207-208 

Smith,  \V.  A.,  on  Duryee's  kiln 257 

Smith's  basin,  N.  Y.,  limestone  near. 

analyses   of 248-240 

Smiths  Landing,  N.  Y.,  limestone  and 

clay  near,  analyses  of-       260 
plant  at 260 

Sneedville     limestone.     See     Linden 
limestone. 

Knowfiake,   W.   Va.,   limestone   near, 

analysis  of 327 

Soda  waste,  character  of 36 

Soldiers  Home,  Kans.,  limestone  near, 

analyses  of 168 

South     Bend,    Pa.,    limestone     near, 

analysis  of 282 

South    Bethlehem,    N.    Y.,    limestone 

near,  analysis  of 250 

South  Carolina,  limestone  and  mar- 
ble   In,    ocurrence    and 
*  analyses  of 295-296 

South  Dakota,  chalk  In 34.301 

clay    In,   occurrence  and  analy- 
sis of ■—       301 

limestone     in,     occurrence     and 

analysis  of 206-300 

Portland-cement  industry  In 301 

Portland-cement  resources  of-  206-301 

South    Rondout,    N.    Y..    cement    at, 

analysis  of 256 

plant  at 255 

shale  and  limestone  near,  analy- 
ses of 256 

Southern  Cement  Co.,  methods  of 365 

Southern    States     Portland    Cement 

Co.,  plant  of 130-131 

Southwestern   Portland  Cement  Co., 

plant  of 115 

Spain,  slag  from,  analysis  of 361,  370 

Spalding,  F.  P.,  on  hj'draullc  cement.         18 

Sparta,  N.  .!.,  limestone  near,  analy- 
sis of- 234-235.280 

Spartanburg,   S.   C,    limestone   near, 

analysis  of 205 

Spearflsh  formation,  occurrence  and 

character  of 2!)7 

Specht  Ferry,  Iowa,  section  at 150 

limestone  from,  analyses  of 150 

Spencer,  J.  W.,  on  Conasauga  forma- 
tion        3:{7 

on  (Jeorgia  limestone 120-131 

Spencer.  Ind.,  limestone  near,  analy- 
ses of 130 

Spergen    IIIII    llmostonc,    occiirrenco 

and  analyses  of 173-174 

Springdale.    N.    .1..    limestone    near, 

analyses    of 238 

Si)rIugtown,    N.    .1..    limestone    near, 

analysis  of 234-2:15 

Springvale     ])eds.      occurrence     and 

character  of 157-158 
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I'age. 
liomona,  Ind.,  limestone  near,  analy- 
ses of 130 

Uondout,  N.  Y.,  limestone  near,  anal- 
ysis   of 250,346,347 

Uondout  limestone,  occurrence  of 345 

Rosendale  district,   cement   rock   In. 

analyses   of 346 

natural  cement  Industry  in 346-347 

natural  cement  of,  analyses  of —       347 
Rosiclare,  III.,  limestone  near,  analy- 
ses of 134 

Uossville,  Ga..  plant  at 335 

Rotten  limestone.     tScc  i^elma  cbalk. 
Round   Mountain,   Ark.,  stkale  from, 

analyses    of 113-114 

Round  Top,  Md.,  plant  at 343 

Ruggles-Coles  drier,  account  of 40 

use    of 364-303 

Rumford  Falls,  Me.,  limestone  near, 

analysis  of 178 

Runyon  Lake,  Mich.,  limestone  near, 

analysis  of 197 

Rusiisylvania,   Ohio,   marl   and  clay 

near,  analyses  of 274-275 

plants   at 274 

Russell,  I.  C,  on  cement  Industry  of 

Michigan—    189-194,  198-205 

on  kiln  coals i>0 

on  marls 43 

Ryan,  Wash.,  limestone  near,  analy- 
sis of 325 


S. 


Sal>etha,  Kans.,  limestone  near,  anal- 
yses of 168 

Saginaw,  Mich.,  shale  near,  analyses 

of 201 

Saginaw  formation,  occurrence,  char- 
acter, and  analysis  of-     201- 

202 

St.  Clair  limestone,  occurrence,  char- 
acter, and  analyses  of-  91-93 

St.  Clair  Springs,  limestone  at,  anal- 
yses of 93 

Ste.  Cienevleve,  Mo.,  shale  near,  anal- 
ysis of 225 

Ste.  Cienevleve  limestone,  occurrence 

of 173 

St.  Joe,  Ark.,  limestone  at.  analyses 

of 93,94 

St.  Joe  limestone,  occurrence,  char- 
acter, and  analyses  of_  92-94 

St.    Louis,    Mo.,   cluy    ueiir,   analyses 

of 220 

Ilraei^tone  near,  analyses  of 224 

St.  Louis  limestone,  analyses  of 158- 

159,  174 

occurrence  and  character  of 157- 

159, 163-164,  174,  307 
section  of 158 

St.     Louis     Portland     Cement     Co., 

plant  of 227 

St.  Paul,  Mo.,  limestone  near,  analy- 
ses of 221 


Page. 

St.  Stephens,  clay  at  and  near,  anal- 
yses of 78-79,84 

St.  Stephens  Blulf,  section  of 78 

St.    Stephens    formation,    occurrence 

and  analyses  of 71, 

77-81,  83-«4,  126,  218-219 

Salem,  Ind.,  limestone  near,  analyses 

of 138 

Salina  group,  occurrence  and  char- 
acter of 343 

Saline  Landing  area,  Ark.,  location 

and  character  of 102- 

104, 115-116 

Salt    I^ke,    Utah,    limestone    near, 

analyses   of 310 

plant  at 310-311 

Saltlilo,  Pa.,  limestone  near,  analysis 

of 281 

Saluda  River,  S.  C,  limestone  near, 

analysis  of 295 

San   Antonio,   Tex.,   limestone   near, 

analysis  of 34.308 

plant  at 3lo 

San  Fernando,  Cal.,  limestone  near, 

analysis  of 117 

San    Francisco.    Cal.,   cement   plants 

near 120 

San    Gabriel    River,    limestone    on, 

analysis  of 30» 

San   Juan   Island,   Wash.,   limestone 

on,  analysis  of 323-324 

'Sand  Mountain,  Ga.,  limestone  near, 

analyses   of 120 

Sanderson,  J.  Gardner,  experiments 

by 2,'.4 

on   Portland  cement  history   In 

New    York 253 

Sandusky,     Ohio,     limestone     near, 

analyses  of 271 

Sandusky   Portland  Cement  Co..  ce- 
ment of,  analysis  of 143 

plant  of 142,274 

Santa    Cruz,    Cal.,    limestone    near, 

analyses   of 118 

Santorin,  occurrence  of .'{.V.> 

Santorin,  Greece,  santorin  from 359 

Saratoga  formation,  occurrence,  char- 
acter, and  analyses  of. 

104-112 
section   of 104-105,  100 

Sarepta,  N.  J.,  limestone  near,  analy- 
ses of 238 

Sault  Ste.  Marie,  shale  near,  analysis 

of 204 

Scooba,  Miss.,  chalk  near,  analyses  of       210 
clay  near,  analyses  of 211! 

Searls  Gulch,  Colo.,  limestone  near, 

analyses    of 123 

Selma,  Ala.,  limestone  at,  analyses  of-  77.  83 

Selma  chalk,  analyses  of.  209-214.210-218 

occurrence  and  character  of 71-77, 

84,  207-218 

Set  of  cements,   time  and   compari- 
sons of 10.334.370-371 

Sevier  shale,  occurrence  of 303-304 
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I*age. 
Seville,  Fla.,  limestone  near,  analyses 

of 126 

Sewlckley  limestone,  occurrence  of —  282 
Shales  nnd  clays,  analyses  of.     See 

particular  localities  and 

formations. 

Shavers  Mountain,  W.  Va.,  limestone 

near,  analysis  of 327 

Shedd,  S.,  on  Washington  stones 325 

Shelby,  Ala.,  limestone  near,  analyses 

of 63,69 

Shell  Bluff,  Ga.,  limestone  neur,  anal- 
yses of 130 

Shenandoah     limestone,     occurrence, 
character,  and  analyses 

of 313-317 

Shepherdstown,  W.  Va.,  plant  at.  343,  354 
Sherzer,  W.  H.,  on  Michigan  geology.  191 
Shiloh,    N.    J.,    marl    near,    analysis 

of 242 

Short  Creek,   Kans.,  limestone  near, 

analyses  of 166 

Shuqualnk,  Miss.,  chalk  near,  analy- 
ses of 216 

Slebenthal,    C.    E.,    on    Pitkin    lime- 
stone           98 

Siegfried,  Pa.,  cement  rock  at,  analy- 
sis of 303 

plant  at 284 

Silica  In  Portland  cement,  occurrence 

of 28-29 

percentage  of 24-25 

Siliceous  limestone,  occurrence  of 282 

Silurian  clay,  occurrence  of 61,65 

Silurian  limestones.  Sec  Hunton 
limestone ;  Helderbcrg 
limestone ;  Clifton  lime- 
stone ;  Niagara  group ; 
Linden  limestone ;  Han- 
cock limestone ;  Galena 
limestone. 
Silver  Lake,  Ind.,  marl  at,  analysis 

of 141-142 

Silverdale,     Kans.,     limestone    near, 

analyses  of 169 

Sioux    Peak,    Utah,    limestone    near, 

analysis  of 310 

Slag,  analyses  of 38,361 

character  of 37,359-362 

cost    of 50 

drying  of 49,363-365 

granulation  of 49.362-363 

use  of 25-26,47-50,  135,359 

Slag  cement,  analyses  of 370 

character  of 369-371 

comparison  of  Portland  cements 

and 359,368,370-372 

Identification  of 370-371 

manufacture  of 359-372 

plants  for,  location  of 371 

materials  for 350 

prices  and  properties  of 371-372 

Slate,     character,     occurrence,     and 

analyses   of 38-39,  131 

use  of 39 


I'age. 
Sllgo  Furnace.   Pa.,  limestone  near, 

analysis  of 282 

Smith,  K.  A.,  on  Portland  cement  re- 
sources of  Alabama 60-84 

on  Selma  chalk 207-208 

Smith,  W.  A.,  on  Uuryee's  kiln 257 

Smith's  basin,  N.  Y.,  limestone  near. 

analyses  of 248-249 

Smiths  Landing,  N.  Y.,  limestone  and 

clay  near,  analyses  of-       260 
plant  at 260 

Sneedville     limestone.     See     Linden 
limestone. 

Hnowflake,   W.   Va.,   limestone   near, 

analysis  of 327 

Soda  waste,  character  of 30 

Soldiers  Home,  Kans.,  limestone  near, 

analyses  of 168 

South     Bend,    Pa.,    limestone     near, 

analysis  of 282 

South    Bethlehem,    N.    Y.,    limestone 

near,  analysis  of 250 

South  Carolina,  limestone  and  mar- 
ble   in,    ocurrence    and 
^  analyses  of 295-296 

South  Dakota,  chalk  in 34,301 

clay   in,   occurrence  and  analy- 
sis of ■-^-       301 

limestone     in,     occurrence    and 

analysis  of 296-:jon 

Portland-cement  Industry  in 301 

l*ortland-cement  resources  of-  296-301 

South    Rondout,    N.    Y..    cement    at, 

analysis  of 256 

plant  at 255 

shale  and  limestone  near,  analy- 
ses of 256 

Southern  Cement  Co.,  methods  of 365 

Southern    States    Portland    Cement 

Co.,  plant  of 130-131 

Southwestern  Portland  Cement  Co., 

plant  of 115 

Spain,  slag  from,  analysis  of 361,  370 

Spalding,  F.  P.,  on  hydraulic  cement.         18 

Sparta,  N.  J.,  limestone  near,  analy- 
sis of. 234-235,288 

Spartanburg,   S.  C,   limestone  near, 

analysis  of 295 

Spearflsh  formation,  occurrence  and 

character  of 297 

Specht  Ferry,  Iowa,  section  at 150 

limestone  from,  analyses  of 15u 

Spencer,  J.  W.,  on  Conasauga  forma- 
tion        337 

on  Georgia  limestone 129-131 

Spencer,  Ind.,  limestone  near,  analy- 
ses of 139 

Spergen    Hill    limestone,    occurrence 

and  analyses  of 173-174 

Sprlngdale.    N.    J.,    limestone    near, 

analyses   of 238 

Sprlngtown,    N.    J.,    limestone    near, 

analysis  of 234-235 

Springvale     beds,     occurrence     and 

character  of 157-158 
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Page. 
Standard  Portland  Cement  Co.,  plant 

of,  location  of 121 

Star   Canyon,   Nev.,   limestone  near, 

analysis  of 231 

Star  Furnace,  Ohio,  limestone  near, 

analysis  of 273 

Staunton,   Va.,   limestone  and   sbale 

near,  analyses  of 315, 

317,  320-322 

State    quarry    lieds,    occurrence   and 

character  of 151 

Stewardson   Furnace,  Pa.,  limestone 

near,  analysis  of 283 

Stillwater,    N.    J.,    limestone    near, 

analyses  of 238 

Stockbridge,  Mich.,  shale  near,  anal- 
ysis of 203 

Stockertown,  Pa.,  plant  at 284 

Stokesvllle,  Va.,  limestone  near,  anal- 
ysis of 321 

Stones  River  group,  occurrence  and 

character  of 305 

Stony    Run,    Md.,    limestone    near, 

analysis  of 188 

Stose,  O.  W.,  on  West  Virginia  lime- 
stones   325-320 

Strawberry  station,  S.  C,  limestone 

near,  analysis  of 296 

Stroh,  Ind.,  clay  and  marl  at,  analy- 
ses of 143 

plant  at 142 

Strong,  Me.,  limestone  near,  analysis 

of 178 

Strong  City,  Kans.,   limestone  near, 

analyses  of 168 

Sugar  Creek,  limestone  near,  analy- 
ses of 135 

Sugarloaf,     Colo.,     limestone     near, 

analyses  of 123 

Suisun,  Cal.,  plant  at 120 

Sulphur,  occurrence  of 49 

Sundance  formation,  occurrence  and 

character  of 298 

Swartswood  station,  N.  .T.,  limestone 

near,  analysis  of 238 

Sweetland     shale,     occurrence     and 

character  of 151 

Switzerland,  slag  from,  analyses  of.  361,  370 

Sylvan   shale,   character   and   occur- 
rence of 145-146 

Syracuse,    Ind.,    clay    and    marl    at, 

analyses  of 143 

plant  at 142 

Syracuse  Lake,  Ind.,  marl  at,  analy- 
ses of 141-142 


Taflf,  .T.  A.,  on  Cretaceous  chalks 99 

on   Indian  Territory  cement  re- 
sources  ' 144-147 

on    Texas    Portland    cement    re- 
sources   307-310 

Talladega    Springs,    Ala.,    limestone 

^lear,  analyses  of 63,  09 

Tate,  Ga.,  marble  near,  analyses  of 127 


Page. 

Tell,  France,  limestone  of 20 

Telllco  sandstone,  occurrence  of 303 

Temple,  Me.,  limestone  near,  analysis 

of 178 

Tenabo   Peak,   Nev.,   limestone   near, 

analysis  of 231 

Tenmile    Creek,    W.    Va.,    limestone 

near,  analysis  of 328 

Tenmile    district,     Colo.,     limestone 

near,  analyses  of 123 

Tennessee,  geological  map  of 172 

limestones  and   marbles   in,   oc- 
currence  and   analyses 

of 174,301-307 

Portland-cement  resources  of_  3<U-307 
Tennessee  Coal,    Iron   and    Railroad 

Co.,  quarry  of 03 

Tertiary  clays,  analyses  of 84,  114 

occurrence  of 112-114 

Tertiary  limestones,  analyses  of 130, 

295-296 

occurrence  and  character  of '_      130, 

176,205-296,312 
Sec  also  St.  Stephens  formation  ; 
Vicksburg  limestone. 

Tetin,  occurrence  of 358 

use   of 357 

Tetmajer,  L.,  o»  slag  cement. _^ 359 

Texas,    cement    rock    in,    occurrence 

and  analysis  of 35-4 

chalk   and    marl    In,   occurrence 

and  analyses  of.  34,  308-300 
limestones    In,    occurrence    and 

analyses  of 307-310 

map  of  part  of 308 

natural-cement  resources  of 354 

Portland-cement  Industry  In 310 

l*ortland-cement  resources  of_  307-310 
Texas,  Md.,  limestone  near,  analyses 

of 182 

Texas  Hollow.  Ohio,  limestone  near, 

analysis  of 273 

Thel)es,  111.,  limestone  near,  analyses 

of 133 

Thebes    formation,    occurrence    and 

character  of 220 

Three  Springs,  Pa.,  limestone  near, 

analysis  of 281 

Timl)erville,  Va.,  limestone  near 319 

Tippecanoe  Lake.  Ind.,  marl  at,  anal- 
yses of 141-142 

Toby    Creek,    Pa.,    limestone    near, 

analysis  of 282 

Tomahawk  Creek,  Ark.,  limestone  at, 

analj'ses   of 94 

Toniblgl>ee  River.  Miss.,  section  on 217 

Tonto  dam  site,  limestone  and  shale 

near,  analyses  of 87 

Tracy,  Iowa,  limestone  near,  analy- 
ses of 159 

Transportation,  relation  of  Portland 

cement  and 17,  39.  40 

Trass, occurrence  and  characterof_  358-359 

use  of 357 

Traverse  group,  occurrence  and  char- 
acter of 192-193,  198-199 
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Travertine,  occurrence  of 120 

Trentareml,  Italy,  possiiolnua  from  .      »358 
Trenton,  Ga.,  limestone  near,  analy- 
ses of 129 

Trenton,  Mich.,  limestone  at,  analy- 
ses of 192 

quarrV  at,  section  of 192 

Trenton  limestone,  analyses  of 133, 

150.  172,  181-182,  221, 
237-238,  248-249,  270, 
280,      287,     326,      330 

occurrence  and  character  of ^-      132, 

163,  171-172,  179-182.  206, 
221.  232,  236-239,  247-249, 
209,  279-280,  286-287,  305- 
306,    311,    315-317,    325-326 

Trlasslc  limestones,  analyses  of 231 

Trlstates,  N.  J.,  limestone  near,  anal- 
yses of 241 

TrussTllIe,  Ala.,  limestone  near,  anal- 
yses of 65.68 

Tullaboma  formation,  occurrence  and 

character  of 306-307 

Tully  limestone,  occurrence,  charac- 
ter, and  analyses  of  _   251-252 
Turner,  Me.,  limestone  near,  analysis 

of 178 

Tuscaloosa  clay,  character  of 72 

occurrence    of 65-68 

Two  Mile  Creek,   W.  Va.,  limestone 

near,  analysis  of 328 

Tyrone,  Pa.,  limestone  near,  analyses 

of 280 


U. 


Ulrlch,  E.  O..  on  Boone  formation 95 

on  (Cincinnati  group 270 

on  Kentucky  limestones 171 

on    Tennessee    Portland-cement 

resources 301 

on  Trenton  limestones 206,269 

on  Wisconsin  rocks 329 

Union,  Me.,  limestone  near,  analysis 

of 177 

Union,  W.  Va.,  limestone  near,  analy- 
sis of 327 

Union    City,    Mich.,    limestone    near 

analyses  of 197 

shale  near,  analyses  of 199 

Union  Cement  and   Lime  Co..  plant 

of 341 

Uniontown,    Ala.,    limestone   nt    and 

near,  analyses  of 76,  82,  84 

Unionville,  Md.,  limestone  near,  anal- 
yses of , 181 

United  States,  map  of,  showing  loca- 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington^  D.  C,  May  31^  1904.. 

Sir:  1  have  the  honor  to  transmit  herewith  the  manuscript  of  a 

report  entitled  "  Contributions  to  Devonian  Paleontology,  1903,"  b}' 

Henry  Shaler  Williams  and  Eklwai*d  M.  Kindle,  and  to  recommend  its 

publication  as  a  bulletin.     The  report  consists  of  two  parts:  I.  Fossil 

faunas  of  the  Devonian  and  Mississippian  (^' Lower  Carboniferous") 

of  Virginia,  West  Virginia,  and  Kentucky.     IL  Fossil  faunas  of  the 

Devonian  sections  of  central  and  northern  Pennsylvania. 

Very  respectfully, 

C.  W.  Hayes, 

Geol^Hjist  in  Charge  of  Geology. 
Hon.  Charles  D.  Walcott, 

Director  United  Statea  Geohxjiral  jStrrreg. 
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CONTRIBUTIONS  TO  DEVONIAN  PALEONTOLOGY, 

1903. 


PART  I— FOSSIL  FAIINASOFTHEDEVONIANANDMISSISSIPPIANC'LOWER 
CARBONIFEROUS")  OF  VIRGINIA,  WEST  VIRGINIA,  AND  KENTUCKY. 


By  H.  S.  WiLLUMS  and  E.  M.  Kindle. 


INTRODUCTION. 

Bv  11.  S.  Williams. 

The  investigations  herein  reported  were  begun  for  the  purpose  of 
ascertaining  the  nature  of  the  changes  in  sedimentation,  in  fossils,  and 
in  sequence  of  faunas  southward  along  the  Devonian  formations  in  the 
southern  Appalachians.  Collections  were  made  by  the  senior  author 
in  southern  Virginia  and  eastern  Kentucky  in  1895,  and  the  results  of 
the  preliminary  stud}'  of  the  fossils  were  reported  in  a  paper  read 
before  the  Geological  Society  of  America- in  December,  1896. *» 

In  southern  Virginia  (at  Bigstone  Gap)  the  Devonian  is  represented 
by  a  continuous  black  shale,  which  probably  runs  upward  beyond  the 
stratigraphic  horizon  at  which  Carboniferous  faunas  appear  in  other 
regions.  In  east-central  Kentucky  the  black  shale,  supposed  to  be  in 
large  part  Devonian,  (continues  upward  beyond  the  horizon  at  which 
the  earliest  Carboniferous  faunas  appear.  In  neither  the  Bigstone 
Gap  nor  the  Irvine  (Ky.)  sections  was  any  trace  of  the  Chemung 
fauna  of  New  York  seen.  At  several  places,  at  the  base  of  the  black 
shales,  the  latest  fauna  appears  to  be  no  younger  than  Oriskany,  and 
suggested  that  either  there  was  an  unconformity  at  the  base  or  a  black 
shale  sedimentation  continued  during  post-Oriskany  Devonian  time. 
Evidence  of  the  unconformity  at  the  base  of  the  black  shale  is  fur- 
nished by  the  sections  at  Brooks  station,  15  miles  south  of  Louisville, 
and  at  Huber,  Bullitt  County,  Ky. 

In  order  to  demonstrate  the  conditions  intermediate  between  those 
represented  by  the  typical  northern  sections  and  by  the  sections  in 
the  southern  Appalachians,  Dr.  E.  M.  Kindle  in  1898  made  a  special 

a  0x1  the  voutbern  DevoniRn  formatipOH:  \m.  Jour.  8ci..  4th  ser.,  vol.  3, 1897.  pp.  39&-40& 
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16  CONTBIBUTIONS    TO    DEVONIAN    PALKONTOLOGY.        [biua..'I44. 

cxHiniimtion  of  the  Devonian  sections  in  Kentucky,  West  Virginiii, 
and  Virginia.  Additional  collections  were  thus  obtained,  and  later 
all  the  material  was  studied  together  and  the  faunules  listed  and  com- 
pared. The  original  identifications  in  the  following  paper  were  made 
by  Doctor  Kindle.  They  have  been  reviewed  by  the  senior  author, 
who  is  responsible  for  the  discussions  which  follow  the  statistics. 

KENTUCKY    SECTIONS. 

By  E.  M.  Kindle. 

The  Kentucky  sections  examined  furnished  faunules  from  the  fol- 
lowing localilies: 

Sections  examined  in  Keithwk'tf, 

i:r>5  A.  Hear  (Tra«<  (/reek  quarries  near  Louisville,  Ky. 
i;W  A.  Jefferson ville,  Clark  County,  Ind. 

B.  .reffersonvilk*,  Indiana  side,  near  (iovernnient  jetty. 

C.  South  end  of  Pittsburg,  Cincinnati,  Chicago  and  St.  lx)nis  Kailwuy  bridge, 

Louisville,  Ky. 
1»>5  A.  Brooks,  Bullitt  County,  Ky. 

B.  Button  Mold  Knob,  three-fourths  of  a  mile  northeast  of  Bnx)ks. 

C.  One  mile  west  of  Brooks  station. 

VMi7  A.  Railroad  cut,  one-fourth  of  a  mile  south  of  Huber,  Bullitt  County,  Ky. 
11^8  A.  Quarry  at  Clermont,  Bullitt  County,  Ky. 

B.  Ravine  about  one-fourth  of  a  mile  southeast  of  quarry,  Clermont,  Ky. 

C.  Section  at  Deerlick  Knob,  Bullitt  County. 

i:{71  A.  West  of  town  of  New^  Haven,  Nelson  County,  Ky.,  on  bank  of  Rolling  Fork. 

B.  About  5  miles  south  of  New  Haven  along  the  pike  at  Muldrows  Hill. 

1S72  A.  Northwest  of  Riley  station,  Marion  County,  Ky. 

B.  South  of  Riley  station. 

1878  A.  About  three-fourths  of  a  mile  west  of  Parksville,  Boyle  County,  Ky. 

B.  An  old  quarry  in  the  "Knobstone"  sandstone,  1*  miles  west  of  Parksville. 

1874  A.  Lone  Knob,  near  Junction  City,  Boyle  County,  Ky. 

1875  A.  Crab  Orchard,  Lincoln  County,  Ky. 

BEAR  GRASS  CREEK  QUARRIES,  NEAR  LOUISVILLE,  KY. 

Ju8t  east  of  Ijouisville  the  Niagara  limestone  is  extensively  quarried 
along  the  banks  of  Bear  Grass  Creek.  The  tops  of  the  hills  in  tlie 
vicinity  of  the  quarries  are  usually  capped  with  from  10  to  15  feet  of 
Devonian  limestone.  The  following,  section  is  exposed  at  the  quarry 
south  of  the  institution  for  the  blind: 

Section  1S55  A^  on  Bear  Grass  Creek,  Kenturhf. 

Foot, 

2.  White  to  light  gray  limestone  (Devonian) 1<^ 

1 .  Light  bluish-gray  arenaceous  limestone  ( Niagara) 35 

In  the  Niagara  beds  (1)  corals  are  common,  but  other  fossils  are 
scarce  and  difficult  to  obtain.  The  following  species  were  collected 
from  the  lower  part  of  the  section: 
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FhuntUe  of  zone  1  ofmection  1S65  A,  on  Bear  Grans  Creek ^  Kentucky, 


1.  Strombodes  atriatus  (c). 

2.  S.  sp.  (c). 

3.  Cladopora  sp.  (r). 

4.  Halyfiitescatenulatus  (c). 

5.  Lyellia  papillata  (c). 

6.  Heliolitee  sp.  (c). 

7.  Stromatopora  sp.  (r). 


[c,  common;  r,  rare.] 

8.  Cornalites  proprius  (r). 

9.  Dalmanellaelegantula  (r). 

10.  Conchidium  nysius  (r). 

11.  Uncinuhiscf.  stricklandi  (r). 

12.  A  try  pa  reticularis  (r). 

13.  A.  reticularis  var.  niagarennis  (r). 

14.  Dalmanites  vigilans  (r). 


In  the  upper  10  feet  of  the  section  fossils  are  abundant,  tiplrlfer 
gregari^is  Clapp  occurs  in  great  profusion,  and,  with  a  few  species  of 
corals,  furnishes  the  greater  part  of  the  faunule  in  some  of  the  strata. 
The  fossils  identified  from  these  beds  are  as  follows: 

Faunule  of  zone  2  of  section  1S55  A,  on  Bear  Grass  Creeks  Kentucky, 

[a,  abundant;  c,  common;  r,  rare] 


1.  Zaphrentis  sp.  (c). 

2.  Pleurodictynm  problematicum  (r). 

3.  Crinoid  stems  (c). 

4.  Polypora  sp.  (r). 

5.  Stropheodonta  demissa  (c). 

6.  S.  hemispherica  (r). 

7.  8.  (Leptofltrophia)  perplana  (r). 

8.  Orthothetes  chemungensis  var.  arctos- 

triatus  (r). 

9.  Ghonetes  mucronatus  (r). 

10.  Schizophoriastriatula  (c). 

1 1 .  Pentamerella  arata  ( r ) . 

12.  Eunella  lincklseni  (r). 


13.  Atrypa  reticularis  (a). 

14.  Spirifer  acuminatus  (r). 

15.  8.  byrnesi  (r). 

16.  8.  gregarins  (a). 

17.  8.  varicosus  (r). 

18.  Oonocardium  trigonale  (r). 

19.  Aviculopecten  princeps  (r). 

20.  Platyceras  carinatum  (r). 

21.  P.  dumosum  (r). 

22.  P.  echinatum  (r). 

23.  Proetus  crassiinai^iiiatuH  (c). 

24.  Phacope  cristata  var.  pi  pa  (r) 


OHIO  FALLS  AND  EDWARDSVILLE  SECTIONS. 

The  Niagara  limestones,  which  are  so  well  exposed  just  cast  of 
Louisville,  are  brought  below  the  bed  of  the  Ohio  at  the  falls  by  the 
westerly  dip,  which  is  probably  about  25  or  30  feet  to  the  mile.  A 
connected  section  from  the  Falls  of  the  Ohio  to  Edwardsville,  on  the 
Indiana  side  of  the  river,  shows  the  following  beds: 

Generalized  section  1S57  A^  from  Falls  of  the  Ohio  to  Edwardsville, 

Feet. 

7.  Gray  limestone  ( Harrodsbui^) 60 

6.  Massive  to  shaly  sandstone  and  sandy  shales  (Riverside),  witli  1  to  10  feet  of 

oolitic  limestone  in  upper  part 200 

5.  Blue  arenaceous  shales  (New  Providence) 125 

4.  Fine-grained  limestone  (Rockford),  breaking  with  conchoidal  fracture 3 

3.  Fissile  black  carbonaceous  shale  (New  Albany) 104 

2.  Argillaceous  blue-gray  limestone  (Sellarsburg  beds) 15 

1.  Light-gray  limestone  ( Jeffersonville) 20 
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Fossils  were  obtained  from  the  Jeffersonville  limestone  at  the  expos- 
ure on  the  north  bank  of  the  river,  about  half  a  mile  below  the  Pitts- 
burg, Cincinnati,  Chicago  and  St.  Louis  Railway  bridge  (1357  Al). 

The  Jeffersonville  limestone  is  exposed  at  low-water  mark,  near  the 
Government  jetty  on  the  Indiana  side  of  the  river.  Fossils  were 
obtained  from  each  of  the  the  three  zones  of  this  limestone  given  below: 

Section  1367  B,  JefferBonviUe  limestone  on  north  itide  of  Ohio  River. 

Feet. 
X  Light^gray  limeetone 6 

2.  Hard  gray  limeetone 2 

1.  Exposed  at  low  water ;i 

Near  the  south  end  of  the  Pittsburg,  Cincinnati,  Chicago  and  St. 
Louis  Railway  bridge,  in  Louisville,  Ky.,  the  fine-grained  calcareous 
sandstones  lying  below  the  black  shale  are  quarried  for  cement. 
Three  or  4  feet  of  rather  pure  limestone  separate  these  sandy  beds 
from  the  black  shale  at  the  upper  end  of  the  canal.  The  section  is 
composed  of  the  following  zones: 

Section  1357  C\  al  hmis^viUe,  Ky. 

Ft.    in. 
4.  Black  shale  (at  upper  end  of  itanal ) 1 

3.  Light-gray  limestone .3    6 

2.  Cement  beds  (Sellarsburg) 8 

1.  Jeffersonville  limestone  (not  ex(>o6e<l). 

The  faunules  collected  from  the  rocks  at  the  Ohio  Falls  and  in  the 
vicinity  are  as  follows: 


Founulf  of  zone  1  of  section  1357  A  ^  at  JrJfenKnmllef  Clark  County,  Ind. 

[a,  abundant;  c,  common;  r,  rare.] 


1.  ZaphrentiH  gigantea  (c)* 

2.  Z.  ungula  (c). 

3.  Blothrophyllnni  decorticatiini  (c). 

4.  Diphyphyllum  sp. 

5.  Thecia  minor  (c). 

6.  Favosit<»8  hemisphericus  (c). 

7.  Michelinia  cylindrioa  (c). 

8.  Discinasp.  (r). 

9.  Stropheodontademissa  (f). 

10.  S.  heraispherica  (c). 

11.  S.  (Leptoetrophia)  perplana  (r). 

12.  Chonetes  sp.  (r). 

1 3.  Prod  net  ella  spinulico^ta  ( r ) . 

14.  Orthis  cf.  livia  (r). 

15.  Schizophoria  striatnla  (r). 


16.  (fvpidula  romingeri  var.  indianeiisis 

'(r). 

17.  Atrypaaspera  (r). 

18.  A.  reticularis  (a). 

19.  Cyrtina  hamiltonensis  (r). 

20.  Spirifer  an^tisegmentus »( r ) . 

21.  8.  euruteines  (r). 

22.  8.  byrneei  (r). 

23.  8.  gregarius  (a). 

24.  Oonoc'^rdium  trigonale  (r). 

I  25.  Troohonema  rectilatera  (r). 

,  26.  Platyceras  dumosuui  (r). 

27.  Platyostoma  lineatuni  (r). 

28.  Proetnp  canalieulatus  (r). 
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FauntiUe  of  zvne  1  i  JeffertsmidUe  limtiUonr.)  of  itifrlum  J:i/i7  i>,  uh  itwth  xidt'  of  Ohio  River. 

[n,  abondant:  r,  common;  r,  rare.] 


1 .  Zaphrentis  gigantea  ( a ) . 

2.  Blothrophyllum  sp.  (e). 

8.  Favosites  hemisphericiis  (c). 

4.  Syringopora  sp.  (c) . 

5.  Stropheodonta  demiesa  (c). 

B.  S.  (LeptoBtrophia)  perplana  (r). 

7.  Pentamerellaarata  (r). 

8.  Eunella  lincklseni  (c). 


9.  Spirifer  (irregarius  (r). 

10.  S.  varicosuH  (r). 

11.  Conocardium  cuneuB  (a). 

12.  Modiomorpha  mytiloiden  (r). 

13.  Pleiirotomaria  8p.  (r). 

14.  HolopeaBp.  (r). 

15.  Proetus  crasaimarginatiis  (c). 

16.  P.  miorogemma  (r). 


Faumde  of  zmie  S  of  sfctioti  1S57  B,  on  north  gide  of  Ohio  Rv^er, 

[a,  abundant;  o,  common;  r.  ran'.] 


1 .  Zaphrentis  gigantea  ( c ) . 

2.  Cyathophyllum  nigoeuni  (c). 

3.  Stropheodonta  demissa  (c). 

4.  S.  (Leptostrophia)  perplana  (r). 

5.  Orthothetes  chemungensis  ( r ) . 

6.  Chonetes  mucronatus  (c). 

7.  Schizophoria  cf.  striatula  (r). 

8.  A  try  pa  reticularis  (c). 

9.  Cyrtina  hamiltonen^is  (r). 

10.  Spirifer  gregariuB  (a). 

11.  Glyptodesma  occidentale  (r). 

12.  CV)nocar(iinm  riineus  (a). 


13.  Actinopteria  boydi  (r). 

14.  Ptychodesma  8p.  nov.  (r). 

15.  Modiomorpha  affin  18  (a). 

16.  M.  mytiloides  (a). 

17.  Turbo  shumardi  (r). 

18.  Callonema  bellatulum  (c). 

19.  C.  cf.  imitator  (c). 

20.  Proetus  crasp] marginatum  ((•)• 

21.  Dalmanites   anehiops  var.   sobrinus 

(r). 

22.  D.  selenurufl  (r). 


Faunute  of  zone  .t  of  section  JS67  B,  on  north  fide  of  Ohio  River. 


[i\  common.] 


1 .  Stropheodonta  dem ispa  ( r ) . 

2.  S.  hemispherica  (r). 

3.  Chonetes  mucronatus  (c). 


4.  Atrypa  reticularis  (c). 

5.  Spirifer  acum inatus  ( c ) . 

I  6.  Proetus  cf.  crassimaiginatus  (c). 


Fminule  of  zone  2  (Sellarshurg  cement  hedn)  of  section  1S57  C,  at  Jj/mv^ille,  Ky. 

[a,  abundant;  o.  common;  r.  rare.] 


1.  Stropheodonta  demissa  (r). 

2.  Chonetes  yandellanus  (a). 

3.  Leiorhynchus  quadricostatum  (v). 

4 .  A  try  pa  reticularis  ( a ) . 


5.  Spirifer  oweni  (a). 

6.  S.  segmentus  (c). 

7.  S.  subattenuatus  (r). 

8.  Proetus  sp.  (r). 


The  only  fossil  found  in  the  black  ^hale  (New  Albany)  at  Louisville 
(1357  A3)  was  Lingula  »patulata. 

Near  the  mouth  of  Silver  Creek,  below  the  falls,  Schisobiflvs  con- 
r^ntrieus  occurs  abundantly  in  the  black  shale  (1357  A3). 

The  Bockf ord  limestone  ( 1357  A4)  contains  no  fossils  at  its  expo- 
sures near  New  Albany.  This  limestone  appears  to  be  absent  south 
of  the  Ohio. 
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BROOKS,  BULLITT  COUNTY,  KY. 

A  connected  section  of  the  rocks  in  the  vicinity  of  Brooks  station, 
aliout  15  miles  south  of  Louisville,  is  made  up  of  beds  exposed  at  the 
three  following  localities:  (A)  Brooks,  Bullitt  County;  (B)  Button 
Mold  Knob,  three-fourths  mile  northeast  of  Brooks;  (C)  1  mile  west 
of  Brooks.     The  general  section  is  as  follows: 

Generalized  section  1S66,  near  Brooks,  Ky. 

Feet. 

C2.  Massive  sandstone 40to  60 

CI.  Sandy  shale  and  sandstone 50  to  75 

Bl.  Blue  clay  shale 50to  65 

A3.  Black  shale  (New  Albany) 15to  30 

A2.  Limestone  ( Devonian ) 2to  6 

A 1 .  Limestone  and  sandstone  ( Niagara) 15  to  20 


172to24« 

The  black  shale  (A3)  rests  unconf ormably  on  the  Devonian  limestone 
in  the  vicinity  of  Brooks.  In  the  bed  of  Brooks  Run,  between  the 
railroad  and  the  wagon  road,  the  lowest  strata  of  the  black  shale  lie 
in  shallow,  irregularly  eroded  pockets  in  the  limestone.  In  some  of 
these  a  thin  layer  of  reddish  clay  was  observed  between  the  limestone 
and  the  undisturbed  black  shale.  The  unconfonnitv  is  illustrated  in 
the  accompanying  figure. 


Fio.  1.— Section  on  Brooks  Run,  Bullitt  County,  Ky.,  showing  unconformity  between  (black)  New 

Albany  shales  and  the  Devonian  (Jeffemonville)  limestone. 

One-half  mile  northeast  of  Brooks  the  shale  (New  Albany)  has  a 
drab  color,  and  furnished  the  following  faunule: 

Fannule  of  zone  S  of  general  section  1S65  A,  near  Brooks^  Ky. 

[c,  common.] 


1.  Lingulaspatulata  (c). 

2.  Chonetes  st'itulus  (c). 


3.  Leiorhynchus  of.  quadricoBtatum  (c). 

4.  Pleurotomaria  sp.  (c). 


The  upper  argillaceous  member  of  the  Devonian  (Sellarsburg  l>eds), 
which  is  worked  for  cement  at  Louisville,  is  entirely  wanting  in  this 
section.  The  Devonian  limestone  in  the  section  represented  by  Hg.  1 
probably  does  not  exceed  2  feet  in  thickness.  Below  it  is  the  siliceous 
Niagara  limestone  (Al),  which  outcrops  in  the  wagon  road  and  con- 
tains the  following  species: 

Faunvie  of  zone  1  of  general  section  1365  A,  near  Brooks,  Ky, 

[c,  common.] 
1.  Favosiles  niagarensis  (c).  |  2.  Halysites  oatenulatiis  (c). 
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The  Devonian  limeHtone  in  the  bed  of  Brooks  Run,  between  the 
niilroad  and  wagon  road,  Brooks,  Ky.^  afforded  the  following  fossils: 

hhwndr  of  zmte  £  of  tjeiitral  section  1S66  A,  near  lirooks,  Ky, 


[c,  common;  r.  rare.] 


1.  StropheodontademisBa  (r). 

2.  S.  (Leptoetrophia)  perplana  (c). 

3.  Rhipidomellalivia  (r). 

4.  Pentamerellaarata  (r). 

5.  Camarotoechia  sp. 

6.  Atrypa  reticularis  (c). 


7.  Spirifer  fomacula  (r). 

8.  S.  varicoBUS  (r). 

9.  Actinopteria  sp. 

10.  Proetus  crassiniarginatus  (c). 

1 1 .  Phacops  rana  ( r ) . 


The  blue  clay  shale  (New  Providence)  at  the  base  of  Button  Mold 
Knob  contains  the  following  species: 

Faunule  of  zone  1  of  general  nedion  1S65  By  near  Brtnth,  A"//. 


1.  Zaphrentis  sp.  (r). 

2.  Amplexus  sp.  (r). 
:{.  Crinoid  stems  (a). 

4.  Orthothetes  crenistria  (r). 


[a,  abundant;  r,  rare.] 

5.  Chonetes  iUinoimMiHiH  (r). 

6.  RhipidoraellaciwiMii  (a). 

7.  Spirifer  suborbiciiUiriri  (a). 

8.  Platyceras  sp.  (a). 


The  latest  fauna  of  the  section  is  obtained  from  the  uiassiv*^.  sand 
stone  (Riverside)  1  mile  west  of  Brooks  station,  K3\ 

Fauntde  of  zone  fS  of  general  section  1S65  C,  near  Brooks,  Ky. 

[c,  common;  r,  rare.] 


1.  Fenestella  sp.  (c). 

2.  Discina  sp.  (r). 

3.  Orthothetes  crenistria  *(r). 

4.  Derbya  keokuk  (c). 


5.  Productus  burlingtonensis  (c). 

6.  CamarotoBchia  sappho  (c). 

7.  Syringothyris  carteri  (c). 

8.  Cypricardinia  sp.  (r). 


HUBBR,  BULLITT  COUNTY,  KY. 

The  unconformity  between  the  black  shale  and  the  underlying  lime- 
stones is  well  shown  in  the  section  exposed  in  the  railroad  cut  one- 
fourth  mile  south  of  Huber. 


T 


12' 


1 


Pio.  2.— ^Section  1S67  A,  showinir  unconformity  of  the  black  diale  and  the  Devonian  limettone  tmuth 
of  Huber,  Ky.    1,  Devonian  limestone;  2,  red  clay;  8,  black  shale. 

As  shown  in  fig.  2,  the  shale  on  one  side  of  the  section  is  separated 
from  the  limestone  by  about  4  inches  of  red  clay. 
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The  limestone  (Sellarsbur^)  directly  under  the  black  shale  in  the 
railroad  cut,  one-fourth  mile  south  of  Huber,  contains  the  following- 
species: 

Faunnle  of  zone  1  of  flection  JS67  A^  near  JTwA^r,  Ky. 
[a,  abundant;  c,  common;  r.  rare.] 


1.  Orthissp.  (r). 

2.  Camarotoechia  tethys  (c). 

H.  Tropidoleptus  carinatos  (r). 

4.  Spirifer  cf.  davisi  (r). 

5.  Reticularia  fimbriata  (r). 


6.  Spirifer  segmentus  (r). 

7.  S.  varicosus  (r). 

8.  Amboccelia  umbonata  (a). 

9.  AthyrisspirifeFoides  (r). 
10.  Platyceras  sp.  (r).. 


The  Niagara  limestone  is  exposed  at  the  roadside  one-half  mile  south 
of  Huber  station.  Fossils  are  scarce  in  it,  and  only  the  following/ 
were  obtained: 

Faunvh  of  zone  1  of  section  JS67  R^  near  Huber,  Ky. 


[c,  common;  r.  rare.] 


1.  Halysites  catenulatus  (c). 

2.  (yladopora  ep.  (c). 


I  3.  Conch idium  cf.  littoni  (r). 
1  4.  C.  PI),  (r). 


CLERMONT,  BULLITT  COUNTY.  KY. 

The  Nii^ra  limestone  is  quarried  extensively  at  Clermont.  The 
section  exposed  at  one  of  the  quarries  is  as  follows: 

Section  1368  A,  at  Clermant,  Ky. 

Feet. 

4.  Devonian  limestone  with  crinoid  stems S 

3.  Siliceous  and  dolomitic  limestone ' 1.^20 

2.  Blue  shale 6 

1 .  Hard  blue  limestone 15 

Only  a  single  species,  Oalyrnene  niagareim^^  was  obtained  from  the 
bed  (Al)  below  the  blue  shale. 

The  rocks  in  the  quarry  appear  to  contain  few  fossils.  The  following- 
named  species,  however,  were  collected  from  a  line-grained  sandstone 
(1368  B),  which  outcrops  in  a  ravine  about  one-fourth  mile  southeast 
of  the  quarry,  and  which  appears  to  be  the  equivalent  of  the  zone  3 
of  the  quarry  (1368  A). 

Fauntde  of  section  1S68B,  near  Clermont^  Ky. 
[a,  abundant;  c,  common;  r,  nire.] 


1.  Zaphrentis  cf.  stokeei  (c). 

2.  Cyathophyllum  sp.  (r). 

3.  Anastrophia  intemaacens  (r). 

4.  Gonchidium  cf.  nysins  (r). 

5.  Pentamerus  oblongus  (a). 

6.  Pentamerella  sp.  (r). 


7.  Rhynchonella  Strickland!  (r). 

8.  A  try  pa  reticularis  J(  c ) . 

9.  A.  reticularis  var.  niagarensis  (c). 

10.  Spirifer  radiatus  (r). 

1 1 .  Meristina  maria  ( c) . 

12.  Conocardium  sp.  (r). 
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Five  milc8  nortbcast  of  Clermont  the  blue  clay  shale  of  the  ''knob 
Htone"  has  been  extensively  denuded  of  soil  and  vegetation  by 
"washes"  on  the  slope  of  Deerlick  Knob,  exposing  the  following 
section: 

Section  1368  C,  at  Deerlick  Knob,  BuUiU  (burUyj  Kentucky. 

Feet. 

6.  Blue  clay  ehale .'i5 

4.  Thin-bedded  crinoidal  limestone 5 

3.  Black  shale 15 

2.  (Covered 15 

1.  Limestone 'A 


Faunule  of  zone  5  of  section  ISGS  (',  tU  Ikerlick  Knohj  KetUuehj. 

[a,  abundant;  c,  common;  r,  rare.] 


7:i 


1.  Zaphrentis  dalei  (a). 

2.  Chonetes  illinoisensis  (r). 

3.  Productus  semireticalatus  (c). 

4.  Dielasma  cf.  bovidens  (r). 


5.  Spirifer  marionensis  (r). 

6.  S.  mortonanus  (e). 

7.  S.  sp.  (r). 

8.  Athyris  lamellosa  (a). 


The  blue-clay  shales  containing  this  faunule  are  similar  in  lithologic 
as  well  as  faunal  characters  to  the  New  Providence  shale  of  southern 
Indiana,  of  which  they  are  the  southern  continuation. 

The  thin  limestone  of  this  section,  at  the  top  of  the  black  shale,  is 
of  particular  interest  because  it  occupies  the  same  stratigraphic  hori- 
zon as  the  Rockford  limestone- 30  miles  to  the  northwest,  while  it  car- 
ries the  lower  "knob" (New  Providence  shale)  fauna,  which  is  entirely 
unlike  that  of  the  Rockford  lin)estone.  The  following  species  were 
obtained  at  Deerlick  Knob,  Ky. : 

Faunule  of  zone  4  of  section  1S68  C,  at  Deerlick  Kru>i>^  KeiUucky. 

1.  Rhipidomella oweni  (abundant).  3.  S.  suborbicularis  (common). 

2.  Spirifer  mortonanus  (common).  i 

NEW  HAVEN,  NELSON  COUNTY,  KY. 

The  Devonian  limestone  was  not  seen  at  New  Haven  and,  if  present 
there,  is  very  thin.  The  following  section  is  exposed  just  west  of  the 
town,  on  the  bank  of  Rolling  Fork: 

Section  1S71  A ,  at  Neiv  Haveiij  Ky. 

Feet. 

3.  Blackshale 5 

2.  Covered 4 

1.  Dolomitic  limestone 7 

The  dolomitic  limestone,  1  of  the  above  section,  furnished  the 
following  Niagara  species: 

Faunule  of  zone  1  of  section  1S71  Aj  near  New  Hdvenj  Kentucky. 
1.  Calymeno  niagarensis  (common).  j  2.  Dalmanites  verrucosus  (rare). 
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About  5  luileij  south  of  New  Haven  the  following  section  is  expoHed 
along  the  pike  at  Muldrows  Hill: 

Section  1371  /?,  al  Muldrows  Hillf  Keniurhf, 

Fet»t. 

9.  Covered 10 

8.  Shaly  limestone  and  shale 20 

7.  Shale 3-5 

6.  Limestone 20 

5.  Sandstone H 

4.  Limestone 18 

3.  Bluish  sandstone  weathering  nhal y 40 

2.  Blue  shaly  sandstone 15 

1.  Shaly  sandstone  and  shale 15 

The  above  section  shows  the  interpolation  of  the  Harroclslmrg 
("Lower  Carboniferous")  limestone  beds  in  the  Knobs  tone  sandstone. 

The  following  section  shows  a  similar  intcM'stmtification  of  the  lime- 
stone and  Knobstone  sandstone,  2  miles  south  wast  of  New  Haven: 

Sectum  1S71  (\  -J  miles  south  of  New  IfareUf  Ky. 

Ft.  In. 

7.  Shaly  sandstone 8      0 

6.  Limestone 1      8 

5.  Gray  sandy  shale 10      0 

4.  Limestone  and  shale 18      0 

3.  Covered  (mostly  shale) 10      0 

2.  Iron-ore  concretions 0      4 

1.  Blackshale 10      0 

It  may  be  noted  that  the  limestone  at  the  top  of  the  black  shale  in 
the  Deerlick  section  (1368  C4)  is  represented  in  the  above  section 
only  by  a  band  of  ferruginous  concretions  (1371  C2).  No  fossils 
were  seen  in  the  blue  clay  shale  above  the  black  shale  except  crinoid 
stems. 

RILEY,  MARION  COUNTY,  KY. 

The  Ordovician  limestone  outcrops  about  100  yards  northwest  of 
Riley  station  with  a  dip  of  10^  to  15^  southwest.  The  black  shale  is 
exposed  in  the  cut  at  the  station.  A  short  distance  northwest  of  the 
cut  the  shale  rests  unconformably  on  rocks  which  are  probably  of 
Niagara  age.  No  fossils  were  found  in  them.  The  Ordovician  out- 
crops northwest  of  Riley  station  (section  1372  A)  afforded  the  following 
fossils: 

Faunule  of  sex'tion  187^  Ay  northwest  of  Riley  station, 

1.  Platystrophia  crassa  (rare).  3.  Murchiponia  sp.  (common). 

2.  P.  lynx  (conmion). 
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111  a  Huiidy  8bale,  just  soutli  of  Itiley  station  (section  1372  B),  the 
following  Knobstone  fauniile  was  collected: 

Fauimie  of  section  ISl^  Ji,  miUfi  of  Riley  MiUmXy  KetUivrky, 
[a,  abundant;  c,  common;  r,  rare.] 


1 .  Orthothetefl  crenistria  ( c )  • 

2.  Chonetes  illinoisensis  (a). 

8.  Prodactella  shumardana  (a). 

4.  Productus  burlingtonensis  (c). 

5.  P.  punctatus  (r). 

6.  P.  semireticulatus  (c). 

7.  Schizophoria  sp.  (r). 

8.  Camaroto^ehia  sappho  (r). 


9.  Spiriferina'Bubelliptica  (c). 

10.  Spirifer  marionensis  (r). 

11.  S.  8p.  (r). 

12.  Syringothyris  texta  (r). 

13.  Paleeoneilo  bedfonlennis  (r). 

14.  Macrodon  of.  newarkeiiRis  (r). 

15.  Streblopteria  sp.  (r). 

16.  Cypricardinia  8p.  (e). 


PARKSVILLE,  BOYLE  COUNTY,  KY. 

About  three- fourths  of  a  mile  west  of  Parksville  the  black  shale 
rests  directly  on  the  Ordovician,  as  shown  in  the  accx>mpanyinjir 
section: 

Sectmn  WS  A,  at  ParksnuUe,  Ky. 

Poet. 

2.  Black  shale 6 

1.  Soft  blue  shaly  eandstone 4 

The  following  species  were  collected  from  the  shaly  sandstone  of  the 
above  section: 

Faunule  of  zone  1  of  section  137 S  A,  near  ParHvdUy  Ky. 

1.  Hebertella  cf.  occidentalis  (rare).  3.  P.  lynx  (common). 

2.  Platystrophia  laticosta  (common). 

The  black  shale  about  Parksville  is  about  25  feet  thick.  The  blue 
clay  shale  above  it  has  its  usual  appearance.  The  Knobstone  Hills, 
just  south  of  the  railroad,  are  about  150  feet  high  and  have  an  abun- 
dance of  loose  limestone  fragments  on  their  summits.  No  beds  of  the 
limestone  were  seen  in  place. 

At  an  old  quarry  in  the  ''Knobstone"  sandstone  (section  1378  B), 
li  miles  west  of  Parksville,  the  following  species  were  collecte<l: 

fhunule  of  section  1S7S  /?,  near  Parksnlley  Ky. 


[c,  common;  r,  rare.] 


1.  Orthothetes  crenistria  (c). 

2.  Productella  cf.  shumardana  (r). 

3.  Productus  altematus  (r). 

4.  P.  semireticulatus  (r). 

5.  Camarotcechia  sp.  (r). 

(S.  IHelaBma  cf.  foruiosa  (c). 


7.  Spirifer  keokuk  (c). 

8.  S.  lateralis  (r). 

9.  Reticularia  pseudolineata  (c). 

10.  £umetria  marcyi  (r). 

1 1 .  I^iopteria  sp.  ( r ) . 

12.  Platyceras  bodensia  (r). 
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JUNCTION  CITY,  BOYLE  COUNTY,  KY. 

The  black  shale  ouUn'ops  at  a  number  of  places  in  the  vicinity  of 
Junction  City.  It  extends  below  drainage,  so  that  the  underlying  ))eds 
were  not  seen.  The  following  section  indicates  the  stratigraphic 
relations: 

Seciimi  J374  -1,  «^  TjOM  Knob,  near  Junction  CUy,  Ky. 

Fwt. 

3.  Shalv  sandstone * 60 

2.  Blue  clay  nhale 80 

1.  Black  shale 15 

CRAB  ORCHARD,  LINCOLN  COUNTY,  KY. 

The  Devonian  limestone  appeare  to  be  entirely  absent  in  the  vicinity 
of  (yrab  Orchard.  The  following  connected  section  includes  the  lowest 
beds  observed  in  the  vicinity  of  the  springs  and  those  outcropping  in 
the  knolis  southwest  of  town: 


Sectitm  1S75  A ,  near  Crab  Orchard^  Ky. 

Feet. 

5.  Shaly  sandstone  ( "  Knobstone  " 50 

4.  Shaly  crinoidal  limestone S^ 

3.  Shaly  sandstone  and  clay  shale  ( partly  covered ) 100 

2.  Blackshale 35 

1 .  Bnff  to  brownish  fine-grained  sandstone 10 

No  fossils  w^ere  found  in  the  fine-grained  sandstone  below  the  black 
shale. 

The  shaly  sandstone  (zone  6  of  section  1376  A),  2  miles  southwest  of 
Cmb  Orchard,  furnished  the  following  faunule: 

Faunnle  of  zone  .5  of  section  1S75  A,  near  Crab  Orchard,  Ky. 

[c,  common:  r,  rare.] 


1.  Zaphrentis  sp.  (r). 

2.  Chonetes  illinoisensiH  (c). 

3.  Productus  sp.  (r). 

4.  CamaFotoechiacf.  contracta  (r). 

5.  Spi rif erina  subelli ptica  ( c ) . 
().  Spirifer  mortonanus  (c). 

7.  S.  suborbicularis  (c). 

8.  Reticularia  pseiidolineata  (r). 

9.  Syringothyris  texta  (c). 

10.  Ptychospira  cf.  sexplicata  ( r ) . 


11.  Athyris  lamellosa  (c). 

12.  Sphenotus  sp.  (r). 

13.  Edmondia  sp.  nov.  (r). 

14.  Conocaniium  pulchellinn  (c). 

15.  Cypricardinia  sp.  (c). 

16.  Loxonema  sp.  nov.  (r). 

17.  Platyceras  cf.  herzeri  (r). 

18.  P.sp.  (c). 

1 9.  Proetus  auriculatus  ( r ) . 

20.  Phaethonidessp.  (r). 
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SECTIONS  IN  VIRGINIA  ANB  WK8T  VIRGINIA. 

By  E.  M.  KiNDLK. 

The  faunas  from  Virjjfinia  and  West  Virginia  were  collected  in  part 
])y  H.  S.  Williams  in  1895,  and  in  part  by  E.  M.  Kindle  in  1898. 

The  Virginia  and  West  Virginia  localities  examined  furnished 
faunules  from  the  following  localities,  viz: 

iSectioiis  m  Virginia  and  West  Virginia, 

137H.  Bigstone  Gap,  Wise  County,  Va. 

A.  East  Fork  of  Powell  River,  alxive  flouring  mill. 

B.  C/Uttings  of  Southern  Railway,  northeast  of  Bigstone  Gap. 

C.  On  hank  of  Powell  River,  east  side  village  at  woolen  mill. 

D.  i^uth  hank  of  river. 

K.  \jooBe  in  fields  and  talus  heaps  of  nn-k  exp<jsure  at  Little  Stone  Gap. 
1877  A.  Big  Moccasin  Gap,  Va.,  between  the  railroad  switch  at  the  gap  and  the  lime- 
stone southeast  of  Doctor  Wallace*?*  residence. 
1379.  Hicksville,  Bland  County,  Va. 

Al.  About  IJ  miles  atnjve  Hicksville  in  small  ravine  on  Mr.  liornbarger's  laud. 

A2.  A  few  hundred  yards  east  of  1379  Al  in  be<l  of  Kiml>erling  Creek. 

A 8.  One-half  mile  north  of  Hicksville. 

A4.  One  mile  east  of  Hicksville,  near  summit  of  Brushy  Mountain. 

B.  On  the  Bluefield  and  Bland  road,  300  yards  southeast  of  summit  of  Brushy 

Mountain,  and  about  2  miles  southwest  of  A4. 

C.  West  of  Point  Pleasant,  near  top  of  Brushy  Mountain. 

X.  On  the  Bluefield  and  Bland  road,  about  l\  miles  south  of  Roi!ky  Gap  ]>ost- 
ofiice. 
1,380.  White  Sulphur  Springs,  W.  Va. 

A.  Hotel  grounds. 

B.  West  end  of  tunnel  and  cuts  along  railroad  southeast  of  White  Sulphur  Springs. 

C.  West  end  of  long  cut  IJ  miles  southeast  of  White  Sulphur  Springs. 

D.  Side  of  railro^l  three-fouHhs  mile  west  of  White  Sulphur  Springs. 
K.  Wagon  road  H  miles  west  of  White  Sulphur  Springs. 

F.  One-half  mile  east  of  Howard  station. 
1381  A.  Caldwell,  W.  V^a. 
1382.  Covington,  Va. 

A.  East  of  Caldwell,  W.  Va. 

B.  One-half  mile  southeast  of  blast  furnace,  on  north  bank  of  Jackson  River. 

C.  West  bank  of  Jackson  River,  one-fourth  mile  south  of  Chesapeake  and  Ohio 

Railway  bridge  at  Covington. 

1383  A.  Northwest  of  Hot  Springs,  Va.,  along  the  Chesapeake  and  Ohio  Railway. 

1384  A.  Near  the  Chesapeake  and  Ohio  Railway  bridge  west  of  Clifton  Forge,  Va. 

BIGSTONE  GAP,  WISE  COUNTY,  VA. 

The  Hancock  limestone  and  the  Grainger  shale'*  are  well  exposed 
just  northeast  of  Bigstone  Gap,  between  the  Eiast  Fork  of  Powell 
River  and  the  Virginia  and  Southwestern  Railway.  On  the  East 
Fork  of  Powell  River,  just  above  the  flouring  mill,  the  Hancock  lime- 
stone outcrops  with  a  strike  of  S.  80^  W.,  and  a  dip  of  (>()^  N.  Alx)ve 
the  limestone  are  about  50  feet  of  coarse  sandstone. 


a  Estillville  Nheet.  Geol.  Atlan  V.  ». 
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Sectiort,  IS76  Aj  on  East  Fork  of  Powell  Rivera  above  flouring  mill. 


Feet. 


2.  Coarse  sandstone  ( "  Oriskany  " ) .* .- 50 

1.  Hancock  limestone,  top  of , 10 

Faunvle  of  zone  1  of  section  1S76  -1,  on  East  Fork  of  Powell  River, 

[c,  common;  r,  rtire.] 


1.  Stropheodonta  beckii  (r). 

2.  S.  cf.  planulata  (r). 

8.  Strophonellacavumbona  (r). 

4.  Leptaena  rhomboidalis  (c). 

5.  Khipidomella  sp.  (r). 

<>.  (iypidula  pseudogaleata  (r). 
7.  Rhynchonellaaltiplicata  (c). 


8.  Renaselaeria  mutabilis  (r). 

9.  Cyrtina  cf.  dalmani  (r). 

10.  Nucleospira  sp.  (r). 

11.  Meristella  Isevis  (c). 

12.  M.  subquadrata  (r). 

13.  Platyceras  sp.  (r). 

14.  Tentaculites  elongatus  (r). 


FhunuLe  of  zone  S  of  section  1376  A,  on  East  Fork  of  Powell  River, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Zaphrentis  sp.  (r). 

2.  Favositessp.  (r). 

8.  Strophonellacavumbona  (r). 

4.  Lept^na  rhomboidalis  (o). 

5.  Orthothetes  woolworthanus  (r). 
(>.  Dalmanella  cf.  planiconvexa  (r). 
7.  Rhipidomellaoblata  (c). 


8.  CamaroUBchia  ventricosa  (a). 

9.  Cyrtina  cf.  dalmani  (c). 

10.  Spirifer  cycloptenis  (a). 

11.  Meristella  lee  vis  (c). 

12.  Platyceras  pyramidatum  (r). 

13.  Tentaculites  elongatus  (r). . 

14.  Proetus  protuberans  (r). 


At  the  side  of  the  Southern  Railway,  northeast  of  Bigstone  Gap,  the 
sandstone  lies  upon  the  limestone,  and  across  the  river  to  the  north 
the  black  shale  appears,  given  in  the  section  below.  The  succession 
was  clear,  but  the  exact  thickness  of  the  beds  was  not  evident 

Section  1376  B,  on  Soutliem  Railway,  near  Bigstone  Gap, 

3.  Black  shale. 

2.  Sandy  and  cherty  IkhIs  ("Oriskany"). 

1.  Hancock  limestone. 


FitunnU  of  zone  2  of  wclion  1376  Bj 

[a,  abundant; 

1.  Zaphrentis  sp.  (r). 

2.  Auloporasp.  (r). 

3.  Aspidocrinus  scutelliforuiis  (r). 

4.  Stictopora  sp.  (r). 

5.  Polyporasp.  (r). 

6.  Roemerella  cf.  ^raudis  (r). 

7.  Stropheodonta  linokheni  ( r) . 

8.  S.  magnifica  (c). 

9.  S.  beckii  (c). 

10.  Strophonella  cavumlx)na  (r). 

11.  I^eptcena  rhomboidalis  (a). 

12.  Orthothetes  woolworthaniis  (c). 

13.  Dalmanella  cf.  planiconvexa  (r). 

14.  Khipidomella  oblata  (a). 

15.  Gypidula  pseudogaleata  (r). 

16.  Rhynchotrema  formosum  (r). 

17.  Camarottuchia  ventricosa  (a). 

18.  Uncinulus  campbellanus  (r). 


on  Simthcm  RailvHiy,  near  Bigstone  Gap. 
c,  common;  r,  rare.] 

19.  Rhynchonella  acutipHcata  (c). 

20.  Rensselaeria  mutabilis  (r). 

21.  R.  sp.  (r). 

22.  Atrypa  reticularis  (r). 

23.  Cyrtina  dalmani  (c). 

24.  Spirifer  cyclopterus  (a). 

25.  S.  sp.  (r). 

26.  Meristella  cf.  bella  (r). 

27.  M.  subquadrata  (c). 

28.  M.  sp.  (r). 

29.  Avicula  communis  (r). 

30.  Loxonemasp.  (r). 

31.  Holopeaantiqua  (r). 

32.  Proetus  sp.  (r). 

33.  Homalonotus  sp.  (r). 

34.  Phacops  cf.  cristata  (r). 

35.  P.  logani  (c). 
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In  the  bed  of  the  ravine  ]wit  north  of  the  sand  and  cherty  beds 
(1376  B2),  the  black  Chattanooga  shale  (1376  B3)  is  exposed.  It  has 
a  deep  black  color  and  contains  an  abundant  fauna  composed  of 
Lingvla  tigeu  and  Schizobolus  concerUricm. 

The  sandy  beds  of  the  Hancock  limestone  are  well  exposed  about 
the  iron  furnace,  and  just  north  of  the  subterranean  mouth  of  Wild 
Cat  Creek.     Collections  from  this  locality  were  lost  in  transit. 

On  bank  of  Powell  River  by  the  woolen  mill  east  of  the  village  a 
section  (1376  C)  yielded  the  following  fossils: 

Faunuie  of  section  1S76  Q  on  Powell  River, 


[C  common;  r,  rare.] 


1.  Calceola  cf.  plicata  (r). 

2.  Leptsena  rhomboidaliB  (r). 
8.  Rhipidomella  oblata  (r). 

4.  Gypidalapseudogaleata  (c). 

5.  Camarotoechia  ventricoea  (c). 

6.  Rhynchonella  acutiplicata  (r). 

7.  Spirifer  cumberlandise  (c). 


8.  8.  cyclopteras  (r). 

9.  Reticttlaria  cf .  fi mbriata  (r). 

10.  MeriBtella  subquadrata  (c). 

11.  Phacope  cristata  (r). 

12.  Dalmanites  cf.  anchiops  (r). 

13.  D.  plearoptyx  (r). 


Along  the  river  bank  on  the  south  side  Mr.  Williams  collected  from 
the  reddish  sandstone  beds  (1376  D),  immediately  below  the  Missis- 
sippian  (''Lower  Carboniferous")  limestone,  a  fossil  sponge  which 
appears  to  be  identical  with  the  species  described  from  the  Waverly 
of  Pennsylvania  as  Ecteaodictya  inflexa. 

From  rocks  in  the  fields  and  in  place  at  Little  Stone  Grap  (1376  E) 
Mr.  Williams  collected  species  representing  the  fauna  from  the  coarse 
sandstone  beds  underlying  the  black  shale. 

Faunuie  ofwdiim  1376  E,  at  lAUle  SUme  Qap,  Va, 


[o,  oommon;  r,  rare.] 


1.  Zaphrentis  0p.  (r). 

2.  Cyathophyllam  sp.  (r). 

3.  Gyetiphyllom  sp.  (r). 

4.  Favoeitessp.  (r). 

5.  Cladoporasp.  (r). 

6.  Gypidala  pseadogaleata  (c). 

7.  Atrypa  reticalaris  (r). 


8.  Spiiifer  cyclopteras  (r). 

9.  8.  perlamellosus  var.  (r). 

10.  Meristella  sabquadrata  (c). 

11.  Gyrtx)litee  sp.  (r). 

12.  Platyceras  cf .  gebhardi  (c). 

13.  Tentacalitee  ep.  (r). 

14.  Dalmanitee  cf.  plearoptyx  (r). 


BIQ  MOCCASIN  GAP,  VA. 

At  Big  Moccaain  Gap  the  rocks  dip  from  30^  to  40°  SE.  The  strike 
is  about  S.  20^  W.,  or  approximately  the  direction  of  Clinch  Mountain. 
The  following  section  is  based  on  the  nearly  continuous  outcrops  seen 
between  the  railroad  switch  at  Big  Moccasin  Gap  and  the  limestone 
southeast  of  Doctor  Wallace's  residence. 

Bull.  244—05 3 
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Section  1377  Ay  at  Big  Moccasin  Gap,  Va, 


Feet. 


7.  Limestone  and  shale  (Carboniferous) 

6.  Soft  yellowish  clay  and  crumbling  sandstone ^ 100 

5.  Hard,  drab-colored  sandy  shale  and  sandstone '. 40 

4.  Conglomerate  band  near  top  of  3' 1 

3.  Hard,  bluish-gray  to  drab  sandy  shalej 


60 


2.  Black  shale,  varying  to  gray,  and  much  crushed  and  folded 150 

1.  Tough  quartzitic  fine-grained  sandstone 75 

In  the  Estillville  folio,  2  is  called  the  (llhattanooga  black  shale,  and 
3  to  6  are  assigned  to  the  Grainger  shale.  The  lowest  fauna  obtained 
from  the  section  is  from  the  lower  part  of  3,  about  20  feet  above  the 
black  shale. 

FaunuU  of  zone  S  of  seetion  1S77  A^  at  Big  Moccasin  Oap,  Virginia, 


fc,  oommon;  r,  rare.] 


1 .  Zaphren tis  sp.  ( r ) . 

2.  Crinoid  stems  (c). 

3.  Fenestella  sp.  (r). 

4.  LingulagannenMs  (r). 

5.  Orbiculoidea  sp.  (c). 

6.  Chonetessp.  (r). 

7.  Prodactujs  cora  var.  (r). 

8.  P.  of.  semireticulatuB  (r). 


9.  P.  cf.  wortheni  (c). 

10.  P.  sp.  (r). 

11.  Camaiotoechia  sp.  (r). 

12.  Spirifer  cf.  marionensis  (c). 

13.  Reticularia  pseudolineata  (c). 

14.  Syringothyris  carteri  (r). 

15.  Ath3rris  lamellosa  (c). 

16.  Conulariasp.  (r). 


About  40  feet  above  the  last  zone  a  rich  fauna  occurs  in  the  thin 
bands  of  ferruginous  conglomerate  which  outcrop  at  the  roadside 
nearly  opposite  the  residence  of  Doctor  Wallace.  This  is  unquestion- 
ably a  Knobstone  or  Waverly  fauna.  Some  of  the  species  are  iden- 
tical with  those  from  the  southern  Indiana  Knobstone.  The  following 
species  were  obtained: 

FomnuU  of  zone  4  ofsecHon  1S77  A^  at  Big  Moccasin  Gap,  Virgima, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Chonetessp.  (a). 

2.  Camarophoria  sp. 

3.  Dielasmasp.  nov.  (c). 

4.  Spiriferina  cf.  solidirostris  (a). 

5.  Spirifer  sp.  (c). 

6.  Reticularia  pseudolineata  (r). 

7.  Syringothyris  sp.  (c). 

8.  Glossitessp.  (r). 

9.  Spathellasp.  (r). 

10.  Edmondiasp.  (r). 

11.  Nuculasp.  (r). 

12.  Palseoneilo  perplana  (a). 

13.  P.  sulcatina  (a). 

14.  P.  sp. 


16.  Nuculana  spatulata  (r). 

16.  Leptodesma  8p.  (r). 

17.  SchizoduBBp.  (r). 

18.  fiellerophon  sp.  (a). 

19.  B.  sp.  (a). 

20.  Pleurotomaria  stulta  (r), 

21.  P.  sp.  (a). 

22.  Loxonema  sp.  (c). 

23.  Platyceras  sp.  (r). 

24.  Orthoceraa  sp.  (c). 

25.  O.  sp.  (c). 

26.  Prolecanites  greeni  (r). 

27.  Phaethonidee  sp.  (r). 
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About  30  or  40  feet  above  the  last  zone,  the  following  species 
were  collected  from  a  shaly  dark-gray  sandstone,  about  100  yards 
southeast  of  Doctor  Wallace^s  house: 

Fhunule  of  zone  6  of  ^ediwi  1S77  A,  near  Buj  Moecagin  Gap^  Yirginut, 

[c,  common;  r,  rare.] 


10.  Macrcxlon  gp.  (r). 

11.  Pinna  sp.  (r). 

12.  8ciiizodu8  ap.  (r). 

13.  Actinopteria  8p.  (c). 

14.  Crenipecten  ap.  (r). 

15.  Modiomorpha  Bp.  (r). 

16.  Bellerophon  ep.  (r). 

17.  Conularia  newbenyi  (r) . 


1.  liepidodemlron  sp.  (r). 

2.  CrinoidsteniH  (r). 

3.  Lingnlodiscina  newberryi  (r). 

4.  Productas  sp.  (c). 
6.  Camarotoechia  sp.  (r). 

6.  Spirifer  keokuk  (c). 

7.  Sphenotus  flavius  (c). 

8.  Edmondiasp.  (r). 

9.  Pftlseoneilo  bedfordensis  (c). 

The  soft  yellow  arenaceous  sandstone  (6)  between  the  last  station 
and  the  Mississippian  ('^ Lower  Carboniferous^')  limestone  afforded 
the  following  fossils:  Ptoductxvs  cora^  Cainaroteschia  contracta.  Both 
these  forms  are  common. 

BLAND   COUNTY,  VA. 

In  Bland  County  collections  were  made  in  the  valleys  of  Wolf  and 
Kimberling  creeks  and  at  the  summit  of  Brushy  Mountain,  east  of 
Hicksville  post-office. 

Wolf  and  Kimberling  creeks  have  cut  their  valleys  into  the  easily 
eroded  black  shale  (the  Romney  shale  of  the  Pocahontas  folio),  which  is 
estimated  by  Campbell  ^  to  have  a  thickness  of  from  400  to  600  feet.  This 
shale  dips  sharply  SE.  and  has  the  deep  black  color  and  finely  lami- 
nated appearance  generally  characteristic  of  the  black  shale.  Toward 
the  top  it  merges  into  a  hard,  sandy,  greenish-gray  shale.  The  change 
is  not  abrupt,  but  beyond  the  limits  of  the  20  or  30  feet  of  passage 
beds  the  appearance  and  composition  of  the  two  fonnations  are  quite 
distinct.  Campbell^  regards  the  rocks  in  this  region,  between  the 
Romney  shale  and  the  base  of  the  Pennsylvanian  ('^Coal  Measures,")  as 
a  lithologic  unit,  and  has  given  them  the  name  of  Kimberling  shale. 

While  it  is  difficult  to  separate  the  upper  from  the  lower  portion  of 
this  series  on  lithologic  grounds,  the  fossils  show  that  two  distinct 
time  periods  are  represented.  The  Mississippian  ("Lower  Carbon- 
iferous") limestone  is  absent  here,  and  the  transition  from  the  Kim- 
lierling  shale  to  the  Pennsylvanian  is  made  with  such  imperceptible 
changes  in  the  appearance  of  the  rocks  that  the  limits  of  the  two  are 
difficult  to  shaiply  define. 

Along  the  southeastern  foot  of  Round  Mountain  a  heavy  bed  of 
dark-gray  chei*t,  with  occasional  interstratified  thin  beds  of  greenish 
or  yellowish  sandstone  lies  just  below  the  Romney  shale.    This  is  a 

a  Campbell,  M.  R.,  Deidlption  of  Pocahontas  district:  Qeol.  Atlas  U.  S.,  folio  26,  U.  8.  Qeol.  Survey, 
1896. 
Mbld. 
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portion  of  the  Giles  formation  of  Campbell.  The  chert  bed  is  nearly 
everywhere  hidden  by  the  loose  fragments  produced  by  weatherinfc, 
so  that  its  thickness  was  not  ascertained. 

General  Bedion  1979,  near  HickmUCf  Va, 

C.  Thin-bedded  sandstone.  \ 

B.  Shaly  sandstone.  >  Kimberling  shale. 

A4.  Shaly  sandstone.  J 

A3.  Dark-colored  sandy  shale,  aboat  75  feet  above  A2. 

A2.  Black  shale  (Bomney  shale). 

Al.  Sandstone  and  chert  (Giles  formation). 

About  li  miles  above  Hicksville,  in  a  small  ravine  on  Mr.  Horn- 
barger's  land,  the  following  fossils  were  obtained  from  a  few  inches 
of  sandstone  (1379  Al)  interbedded  with  chert. 

FaunuU  of  zone  1  ofsecHon  1S79  A^  near  HicksmUe,  Va. 
[a,  abundant;  c,  common;  r,  rare.] 


9.  Spirifer  cumberlandia^  (a). 

10.  S.  sp.  (c). 

11.  Ambocoelia  sp.  (r). 

12.  Nucleospira  sp.  (r). 

13.  Anoplotheca  cf.  dichotoma  (r). 

14.  Platyostoma  ventricosuin  (r). 

15.  Tentaculites  elongatus  (r). 


1.  Pholidops  cf.  arenaria  (c). 

2.  Stropheodonta  sp.  (r). 

3.  Leptsenarhomboidalis  (r). 

4.  Chonetes  sp.  nov.  (r). 

5.  Anoplia  nucleata  (c). 

6.  Orthis  sp.  (r). 

7.  Amphigenia  cf.  elongata  (r). 

8.  Rhynchonella  sp.  (r). 

A  few  hundred  yards  east  of  1379  Al,  in  the  bed  of  Kimberlinj^ 
Creek,  Schizoholxvs  tnincatvs  is  common  in  the  Romney  or  black  shale 
(1379  A2).  The  same  species  is  also  found  in  the  black  shale  in  bank 
of  creek,  one-half  mile  south  of  Hicksville,  Va.  The  drab  or  greenish 
sandy  shale  which  follows  the  Romney  shale  appears  to  be  barren  of 
fossils  at  most  localities. 

About  one-half  mile  north  of  Hicksville  (1379  A3)  a  few  specimens 
of  Palseoneilo  brevis  and  Goniatites  sp.  were  found  just  east  of  the  ford 
and  about  half  way  up  the  face  of  the  cliff.  The  horizon  of  this  station 
is  probably  100  feet  above  the  top  of  the  typical  Romney  shale. 

On  Brushy  Mountain,  east  of  Hicksville,  no  fossils  were  found  above 
station  1379  A3,  until  within  100  feet  of  the  summit  (1379  A4),  where 
a  rich  Chemung  fauna  was  discovered  in  the  Elimberling  shale. 

Faunule  of  zone  4  of  section  1S79  A^  near  tlie  summit  of  Brushy  Mountain,  Virginiar. 

[a,  abundant;  c,  comnion;  r,  rare.] 


1.  Orbiculoidea  sp.  (r). 

2.  Chonetes  scitulus  (a). 

3.  Productella  sp.  (r). 

4.  Camarotoechia  contracta  (a). 

5.  C.  sappho  (r). 

6.  Spirifer  disjunctus  (c). 

7.  Grammy sia  subarcuata  (c). 

8.  Sphenotus  contractus  (r). 

9.  Leptodesma  matheri  (r). 


10.  L.  potens  (a). 

11.  L.  potens  var.  juvene  (r). 

1 2.  My tilarca  chemangensis  ( c ) . 

13.  Nyassa  cf.  ai^ta  (r). 

14.  Modiomorpha  subalata var.  chemung- 

ensis. 

15.  Goniophorachemungensis  (r). 

16.  Eaomphalus  sp.  (r). 


^"kindle^^^I  BECTIONS  IN  VIRGINIA  AND  WEST  VIRGINIA. 


33 


The  Chemung  fauna  may  be  found  at  or  near  the  summit  of  Brushy 
Mountain  at  most  localities  in  Bland  County.  About  2  miles  south- 
west of  the  last  station  and  300  yards  southeast  of  the  summit  of 
Brushy  Mountain,  on  the  Bluefield  and  Bland  road  (1879  B),  the  fol- 
lowing species  were  found: 

Ihunule  ofsecii&n  1S79  B,  on  Brtuhy  Mountain,  Virffinia, 
[a,  abandant;  c,  common;  r,  rare.] 


1.  Productella  hirsata  (c). 

2.  Dalmanella  tenuilineata  (r). 

3.  Camaroioechia  cf.  contracta  (c). 

4.  G.  duplicata  (a). 

5.  ^Jnbocoelia.umbonata  (c). 

6.  Grammysia  subarcuata  (r). 

7.  Edmondia  cf.  philipi  (r). 

8.  Leptodeema  cf.  potens  (r). 


9.  Leptodesma  Bp.  (r). 

10.  Mytilarca  chemungensis  (c). 

11.  Nyassacf.  ax^ta  (r). 

12.  Modiomorpha  subalata  var.  chemung- 

ensis (r). 

13.  M.  sp.  (r). 

14.  Orthoceras  sp.  (r). 


Near  the  top  of  Brushy  Mountain  west  of  Point  Pleasant  (1379  C) 
the  following  species  occur: 

Faanule  ofaecUon  1379  C,  on  Brushy  Mourdain,  Vvrgima, 
[a,  abandant;  c,  common;  r,  rare.] 


1.  Orbicnloidea  sp.  (r). 

2.  Chonetes  setigeras  (a). 

3.  Productella  lachrymosa  var.  stigmata 

(c). 

4.  Oamarotoechia  contracta  (c). 

5.  C.  duplicata  (r). 

6.  Spirifer  di^junctus  (r). 


7.  Grammysia  cf.  bisulcata  (r). 

8.  Sphenotus  sp.  (r). 

9.  Leptodesma  potens  (r). 

10.  L.  potens  var.  juvene  (r). 

11.  Mytilarca  regularis  (r).~ 

12.  Aviculopecten  sp.  (r). 


About  li  miles  south  of  Rockygap  post-office,  on  the  Bluefield- 
Bland  road,  the  following  fossils  were  collected  from  some  detached 
masses  of  coai-se  sandstone  (1379  X).  The  stratigraphic  position  of 
this  sanjdstone  was  not  certainly  ascertained,  but  it  appears  to  belong 
to  the  Giles  formation: 

Eaumdt  of  section  1S79  X,  near  Rockygap,  Vc^ 

1.  Agpidocrinus  scutelliformis  (abundant). 

2.  Spirifer  cyclopterus  (rare). 

3.  Meristella  sp. 

WHITE  SULPHUR  SPRINGS,  W.  VA. 

In  the  vicinity  of  White  Sulphur  Springs  the  channel  of  Howards 
Creek  follows  approximately  the  axis  of  an  anticline.  The  lowest  beds 
exposed  here  are  the  black  and  gray  cherts,  which  outcrop  along  the 
bank  of  this  stream  at  the  northwest  side  of  the  White  Sulphur 
Springs  Hotel  grounds.  From  this  point  the  dip  of  the  beds  is  toward 
the  southeast.     From  White  Sulphur  Springs  station  to  Tuckahoe  the 
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Chesapeake  and  Ohio  Railway  crosses  the  strike  of  the  f)eds  nearly 
at  right  angles.  The  numerous  cuts  along  this  section  of  the  road, 
together  with  the  outcrops  on  the  hotel  grounds,  afford  a  section  from 
the  black  cherts  nearly  through  the  shales  and  sandstones  of  the 
(yhemung.  The  following  section  includes  all  the  outiTops  observed 
on  the  west  side  of  the  White  Sulphur  Springs  Hotel  grounds: 

Sectitm  1S80  j4,  on  White  Sulphur  Springs  Hotel  groumlM/ Wffd  Virginia. 

Feet. 

4.  Black  shale  (**Romney") 30 

Concealed 30 

3.  Gray  chert 25 

2.  (yoarse  sandstone  ( ''Oriskany  " ) 6 

Concealed 60 

1.  Black  chert 60 
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The  chert  (1)  in  this  section  appears  to  be  entirely  barren  of  fossils. 
The  sandstone  (2)  in  the  rear  of  Alabama  row,  White  Sulphur 
Springs  Hotel,  contains  the  following  species: 

Faunule  of  zone  2  of  section  1380  A,  at  White  Stdphur  Springs  Hotel,  West  Virginia, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Crinoid  plate. 

2.  Hipparionyx  proxlmus  (r). 

3.  Orthis  sp.  (c). 

4.  Dalmanella  cf.  planiconvexa  (c). 
6.  Rhipidomella  musculoea  (a). 

6.  Eatonia  peculiaris  (c). 

7.  E.  pumila  (c). 

8.  Rhynchonella  oblata  (r). 

9.  Reneselaeria  cf.  marylandica  (r). 


10.  R.  ovoides  (a). 

11.  Beachiacf.  suessana  (c). 

12.  Leptoccelia  sp.  (c). 

13.  Spirifer  arenosas  (a). 

14.  B.  murchisoni  (c). 

15.  S.  sp.  (r). 

16.  Meristella  lata  (r). 

17.  Platyceras  cf.  gebhardi  (r). 

18.  P.  ventricoeurn  (r). 


No  fossils  were  discovered  in  the  gray  chert  (3).  On  the  hotel 
grounds,  at  the  east  end  of  Baltimore  row,  numerous  specimens  of 
Schizobolus  trun<^atu8  were  found  in  the  black  ("Romney")  shale  (4). 

The  black  carbonaceous  shale  containing  jSchizobokw  trnvcatuM 
changes  gi-adually  to  a  dark-gray  or  blackish  sandy  shale  (Jennings), 
containing  the  fauna  listed  below,  which  is  seen  at  the  west  end  of 
tunnel.  White  Sulphur  Springs  (1380  B): 

Section  1380  By  along  railroad  from  west  end  of  ttmnel  to  long  cut  H  miles  southea^  of 

White  S^dph^^r  Springs,  W.  Va. 

7.  Greenish  sandstone  and  shale 50 

ft.  Greenish  shale 200 

5.  Shale,  northwest  end  of  cut  l>elow  tool  house 100 

4.  Green  to  jrray  shale 140 

3.  Greenish  shale 60 

2.  Greenish  shale 160 

1.  Sandy  shale  at  west  end  of  tunnel 150 
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fhunuU  of  zone  1  offtedion  ISSO  B,  ai  ivesl  end  of  tunnel.  White  Sulphur  Sjmngs,  W,  Va, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Paracardiam  doris  (r). 

2.  Buchiola  epecioea  (a). 

3.  Pal»?oneilo  brevis  (r). 

4.  Orthoceras  bebryx  var.  cayuga  (r). 


5.  Parodioeras  disooideuin  (c). 

6.  Goniatites  sp.  (c). 


The  beds  containing  this  Nunda  (Buchiola  speciosa)  fauna  are  prob- 
ably 160  feet  thick.  They  are  followed  by  100  feet  or  more  of  soft 
greenish  clay  shale  in  which  no  fossils  were  found. 

The  following  zones  are  exposed  in  the  cuts  along  the  railroad 
southeast  of  White  Sulphur  Springs.  About  160  feet  above  the  last 
zone  the  greenish  shale,  1380  B2,  contains  the  following  species: 

FaunuU  of  zone  S  of  section  1S80  B,  near  While  Sulphur  Springs^  W.  Va, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Orbiculoidea  neglecta  (c). 

2.  Leiorhynchus  laara  (a). 


3.  Delthyris  mesioofitalis  (r). 

4.  Ambocoelia  gr^aria  (a). 


About  60  feet  above  the  last  zone  is  greenish  shale  containing  the 
following  species: 

Faunule  of  zone  S  of  section  1S80  B,  near  White  Sulphur  Spring,  W.  Va. 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Craniella  cf.  hamiltoniie  (r). 

2.  Stropheodonta  (Douvillina)   mucro- 

nata.o  (a). 

3.  Orthothetes  chemangensiB  (r). 

4.  Productella  cf.  subalata  (r). 
6.  P.  8p.  (r). 

6.  Dalmanella  tioga  (a). 

7.  Gamarotcechia  sappho  (c) . 

8.  C.  sp.  (r). 


9.  Leiorhynchufi  laara  (a). 

10.  Delthyris  mesicostalLs  (c). 

11.  Ambocoelia  gregaria  (a). 

12.  Edmondia  cf.  rhomboidea  (r). 

13.  Palaeoneilo  sp.  (r). 

14.  Mytilarca  chemiingensis  (r). 

15.  Actinopteria  boydi  (c). 

16.  Aviculopecten  sp.  (r). 

17.  Lyriopecten  cf.  tricostatus  (r). 


About  140  feet  above  1380  B3  is  a  gray  to  greenish  shale  which 
contains  the  following  fossils: 

a  It  is  important  to  notice  that  the  speclefl  described  by  Hall  in  the  fourth  volume  of  Paleontology 
of  New  York  (1867,  p.  110,  pi.  19,  figs.  1-5)  under  the  name  Strophodonta  eayttta  n.  e.,  and  afterwards 
described  generally  in  literature  under  that  name,  was  described  by  Conrad  in  1842  (Jour.  Acad.  Nat. 
Sci.,  Philadelphia,  yiil,  p.  257,  pi.  14,  fig.  10)  under  the  name  Strophomena  mucrwuUa,  and  referred  to 
the  proper  fauna  (Chemung)  to  which  it  belongs  and  cited  from  a  typical  Chemung  locality,  Chemung 
Narrows,  in  southern  New  York.  The  species  described  by  Hall  in  1887  under  the  name  Strophodonta 
mneronata  (see  p.  HI,  pi.  15,  figs.  IS,  14)  and  cited  as  the  same  as  Conrad's  species  is  actually  dis- 
tinct specifically  and  at  least  subgenerically.  It  belongs  to  the  subgenus  LeptoHrophia  of  Hall  and 
Clarke,  and  was  previously  correctly  figured,  but  not  described,  by  Vanuzem  in  1842  (Qeol.  New  York 
Kept.  Third  Dist.,  1842,  p.  174,  fig.  1)  under  Phillip's  name  Straphamma  interttrialU.  As  Phillip's  spe- 
cies is  also  subgenerically  distinct  from  it,  the  specific  name  interalrialis  is  available  in  the  combina- 
tion LepUMtrcpMa  interttricUis  Vanuxem.  Phillip's  species  would  be  DouvUtina  itUerstriaUs.  Stropheo- 
donta {Leptottrvphia)  itUerttrialit  Vanuxem  is  abundant  in  the  Ithaca  formation,  and,  though  it  may 
occur  in  the  Chemung,  is  there  extremely  rare.  On  the  other  hand,  Stropheodonta  ( DouvUtina)  mttoro- 
nata  Conrad  does  not,  so  far  as  thorough  examination  has  revealed,  occur  until  the  Chemung  epoch, 
and  is  a  diagnostic  Chemung  species.— H.  S.  W. 
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FauntUe  of  zone  4  of  section  1S80  By  near  White  Sidphur  8pring$y  W,  Va, 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Zaphrentis  sp.  (r). 

2.  Lingula  cf.  ligea  (r). 

3.  Stropheodonta  (Douvillina)  mucro- 

nata  (c). 

4.  S.  demisea  (r). 

5.  Orthothetes  cf.  chemungenos  (c) . 

6.  Schizophoria  striatala  (r). 

7.  Dalmanella  tio^^  (c). 

8.  Atrypa  hystrix  (r) 


9.  A.  reticularis  (a). 

10.  A.  spinosa  (a). 

11.  Cyrtina  hamiltonensis  (c). 

12.  Spirifer  diejunctus  (c). 

13.  Actinopteria  perstrialifi  (r). 

14.  A.  cf.  eta  (r). 

15.  Pterinea  (Vertumnia)  reveraa  (c). 

16.  Pterinopecten  sp.  (r). 


At  the  northwest  end  of  cut  below  tool  house,  near  White  Sulphur 
Springs,  with  the  following  faunule,  was  found: 

FaufnuU  of  zone  6  of  section  1S80  B^  near  White  Sulphur  Springs ,  W,  Va, 

[a,  abandant;  c,  common;  r,  rare.] 


1.  Stropheodonta   (Douvillina)    mucro- 

nata  (a). 

2.  Strophonella  cselata  (r). 

3.  Productella  hirsata  (a). 

4.  Schizophoria  striatala  (c). 

5.  Leiorhynchus  laora  (r). 

6.  Atrypa  spinosa  (r). 

7.  Cyrtina  hamiltonensis  (r). 

8.  Spirifer  diqunctus  (a). 


9.  Ambocoelia  gr^;aria  (c). 

10.  Phthonia  sp.  (r). 

11.  Palseoneilo  bisulcata  (a). 

12.  P.  filosa  (r). 

13.  P.  plana  (r). 

14.  Leptodesma  lichas  (c). 

15.  Lyriopecten  tricoetatos  (r). 

16.  Cypricardella  sp.  (r).     . 


In  cuts   just  north  of   tool  house,  probably  200  feet  above  B4, 
greenish  shales  (B6)  yielded  the  following  faunule: 

lbtifiti20  ofzoM  6  of  section  1380  B,  near  White  Sulphur  /Springs^  W.  Fa. 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Orbicnloidea  sp.  (r). 

2.  Stropheodonta   (Donvillina) 

nata  (c). 

3.  Productella  hirsuta  (a). 

4.  Dalmanella  tenuilineata  (c). 

5.  Atrjrpa  spinosa  (c). 

6.  Cyrtina  hamiltonensis  (r). 

7.  Spirifer  disj unctus  ( a ) . 

8.  Ambocoelia  gregaria  (a). 

9.  Spathella  sp.  (r). 


macro- 


10.  Edmondiaphilipi  (r). 

11.  Palseoneilo  bisulcata  (r). 

12.  P.  filosa  (r). 

13.  Macrodon  cf.  chemungensis  (r). 

14.  Leptodesma  complanatnm  (r) . 

15.  L.  lichas  (r). 

16.  L.  protextum  (r). 

17.  Actinopteria  sp.  (r). 

18.  Aviculopecten  sp.  (r). 


a  The  species  described  by  Hall  in  1848  sub  Ortlws  carintUa  (Geol.  New  York,  Rept.  Fourth  DLst.,  p.  267, 
fig.  1)  and  the  species  described  by  the  same  author  under  the  name  OrthU  interlinmia  ( non-Sow  erby) 
and  afterwards  more  fully  described  as  Ortkia  tioga  (Pal.  New  York,  IV,  1867,  p.  69,  pi.  8,  flgH.  20-29) 
both  belong  to  the  genus  DalmaneOa  Hall  and  Clarke  (Pal.  New  York.  VIII,  Pt.  1, 1892,  pp.  206,223), 
and  do  not  belong  to  the  genus  Schizophoria  King,  to  which  Hall  and  Clarke  referred  it  in  1892  (Pal. 
New  York,  VIII.  Pt.  1, 1892,  pp.  213, 226,  pi.  6,  fig.  22.  and  pp.  212, 226,  pi.  6,  figs.  17. 18).  Mr.  Schuchert, 
in  quoting  the  species  (Bull.  U.  8.  Geol.  Survey  No.  87,1897,  pp.  878,875)  bail  evidently  overlooked 
this  fact.  The  oversight  may  have  arisen  from  a  confusion  of  the  valves.  The  carinated  valve  of 
DtUmandla  is  the  pedicle  valve,  while  the  convex  valve  of  Schizophoria  is  the  brachial.  Examination 
of  the  muscular  scars  will  at  once  reveal  the  difference  in  the  field.  The  Schizophorias  are  common 
below  the  Chemung,  but  they  are  rare  in  the  Chemung  until  the  upper  part  is  reached,  while  the 
Dalmanellas  are  among  the  first  forms  to  appear  at  the  Incoming  of  the  Chemung  fauna,  and  they  are 
conspicuous  repref!ientative8  of  the  Chemung  fauna.— H.  8.  W. 
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Greenish  sandstone  and  shale  (1380  B7)  opposite  the  milepost  con- 
tained the  following  species: 

Faunule  of  zone  7  ofMcUon  1S80  B,  near  White  Sulphur  Springs,  W.  Va. 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetee  chemnngeiiflis  (c). 

2.  Productella  lachrymoea  (a). 
8.  Dalmanella  tenuilineata  (r). 
4.  Schizophoria  striatula  (c). 


5.  Camarotcechia  contiacta  (c). 

6.  Leiorhynchus  laura  (r). 

7.  Spirifer  di9jimctu8  (a). 

8.  Delthyris  mesicoetalis  (a). 


Near  the  milepost  the  road  crosses  the  axis  of  a  syncline,  so  that 
beyond  this  point  the  beds  reverse  their  dip.  This  makes  it  impossible 
to  indicate  with  precision  the  stratigraphic  relation  of  the  stations 
below  and  those  already  given. 

In  west  end  of  long  cut  (1380  B),  li  miles  southeast  of  White  Sul- 
phur Springs,  is  the  following  section: 

Section  1S80  Cj  along  raUroadf  H  fniles  southeast  of  White  Sulphur  Springs^  the  rocks 

dipping  westward. 

3.  Loose  specimenfi  along  track,  1}  milee  beyond  White  Sulphur  Springs. 
2.  Dark  bluish-gray  sandstone  at  east  end  of  long  cut 
1.  Dark,  sandy  shales  at  west  end  of  cut. 

The  exact  relation,  in  thickness,  of  these  beds  to  each  other  was  not 
ascertained.  The  dark  sandy  shales  (1)  are  about  60  feet  thick  and 
dip  W.  25^.    They  contain  the  following  faunule: 

Faunule  of  zone  1  ofsedtion  ISSO  C,  near  White  Sulphur  Springs,  W»  Va* 

[a,  abundant;  c,  common;  r,  rare.] 


1.  Btropheodonta  (Donvillina)    mucro- 

nata  (a). 

2.  8.  demissa  (r). 

3.  Chonetes  scitulus  (a) . 

4.  Productella  cf.  Bpinulico8t<«  (c). 

5.  Dalmanella  tioga  (r). 

6.  Leiorhynchus  mesicoetale  (c). 

7.  Atrypa  spinosa  (r). 

8.  Grammysia  sp.  (r). 

9.  Edmondia  subovata  (r). 

10.  £.  transversa  (r). 

1 1 .  Buchiola  speciosa  ( r ) . 


13.  P.  eonstricta  (r). 

14.  P.  filosa(r). 
16.  P.  sp.  (r). 

16.  Leda  diversa  (r). 

17.  Macrodonsp.  (r). 

18.  liCptodeHTna  pp.  (r). 

19.  Mytilarca  chemuiigensis  (r). 

20.  Aviculopecten  sp.  (r). 

21.  Crenipecten  sp.  (e). 

22.  Pleurotomaria  sp.  (r). 

23.  Coleolussp. 

24.  Goniatites  sp.  (r). 

25.  Echinocaris  sp.  (r). 


12.  Palseoneilo  brevis  (a). 

At  the  east  end  of  long  cut  mentioned  above  is  a  dark,  bluish-gray, 
shaly  sandstone  (1380  C2),  which  yielded  the  following  faunule: 

Ibunule  of  zone  £  of  section  ISSO  C,  near  White  Sulphur  Springs,  tV.  Va. 

[c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina) 

nata  (r). 

2.  S.  demissa  (c). 

3.  Chonetes  scitulus  (c). 

4.  Productella  hirsuta  (r). 
6.  Atrjrpa  reticularis  (r). 


mucro- 


6.  A.  spinosa  (a). 

7.  Spirifer  disjunctus  (r). 

8.  Sphenotus  undatus  (r). 

9.  Palffioneilo  brevis  (r). 
10.  Pterinopecten  sp.  (r). 
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LfOose  specimens  on  the  southwest  side  of  the  Chesapeake  and  Ohio 
Railway  track,  H  miles  southeast  of  White  Sulphur  Springs,  furnished 
the  following  species: 

Faumde  of  zone  S  of  Rection  ISSO  C,  neat  yVMU  Sulphur  Springs^  W,  Va, 

[c,  oommon;  r,  rare.] 
1.  Stropheoclonta  (Douvillina)  mncrona-       9.  Ambocoeliagret^ria  (r). 


ta(c). 

2.  Orthothetes  chemangensiB  (r). 

3.  Chonetes  Bcitulufi  (c). 

4.  Productella  lachrymoea  (c) . 

5.  Schizophoriastriatula  (r). 

6.  LeiorhynchuB  mesioostale  (r). 

7.  Spiriferdi8jimctus(r). 

8.  Delthyris  medooBtalia  (c). 


10.  SphenotoB  sp.  (r). 

1 1 .  Leptodesma  extenuatum  ( r) . 

12.  L.  naviforme  (r). 

13.  L.  potena  var.  juvene  (r). 

14.  Aviculopecten  ep.  (r). 

15.  Modiomorpha  quadrula  (r). 

16.  Lozonemasp.  {r). 

17.  Phaooperana  (r). 


Between  White  Sulphur  Springs  and  Caldwell  the  following  material 
was  obtained: 

Fbunule  of  section  1S80  D,  three-fourths  of  a  mile  west  of  White  Sidphur  Springs. 

1.  Buchiolaspecioea  (abundant). 

2.  Plethoflpira  socialis  (abundant ). 

Faunvle  of  section  1S80  E,  at  side  of  wagon  road,  H  miles  west  of  White  Sulphur  Springs. 

1.  Buchiola  spedoea  (common) . 

2.  Panenkasp.  (rare). 

3.  Styliola  fissurella  (abundant). 

Fhunule  of  section  ISSO  Fy  one-half  mile  east  of  Howard  station. 

[a,  abundant;  c,  common;   r,  rare.] 


1.  Orthothetes  chemungensis  var.  arctos- 

triatufi  (a). 

2.  Chonetes  scitulus  (a). 


3.  Camarotoechiacf.  contracta(r). 

4.  SpiriferdisjunctuB  (r). 

5.  Leptodesma  rogersi  (c). 


The  higher  members  of  the  series,  which  follow  the  fossiliferous 
beds  of  1380  E,  appear  to  be  entirely  barren  of  fossils.  The  red,  green, 
and  black  shales,  which  constitute  these  higher  beds,  are  well  exposed 
near  Caldwell,  W.  Va.,  station  1381  A. 

CALDWELL,  GREENBRIER  COUNTY,  W.  VA. 

The  following  section  was  noted  in  the  cut  just  east  of  Caldwell: 


Section  1S81  A,  east  of  CaldmU,  W.  Va, 


9.  Alternating  green  and  reddish  shale 40 

8.  Blue  to  black  or  green  shale 0-4 

7.  Greenish  shale 4  to  10 

6.  Sandstone 6 

6.  Soft  greenish-blue  shale 1 

4.  Hard  green  shale 9 

3.  Blue  to  black  banded  shale 5 

2.  Bluish-green  clay,  with  iron  concretions 7 

1.  Gray  to  bluish  heavy-bedded  sandstone 1 


Pt.  In. 
0 
0 
0 
0 
6 
0 
0 
0 
6 
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The  westerly  dip  of  these  varigated  shales  carrios  them  below  the 
level  of  the  railroad  about  a  mile  and  a  half  west  of  Caldwell,  and  the 
Mississippian  ("Lower  Carboniferous")  limestone  appears  above 
them. 

COVINGTON,  ALLEGHANY  COUNTY.  VA. 

The  time  spent  at  Covington  was  devoted  mainly  to  collecting  from 
the  hedfi  of  the  following  section: 

Section  1S8^  B,  one-half  mile  noutheoH  of  the  bloH  furnace  on  the  north  bank  of  Jackson 

River. 

Feet. 

4.  Black  carbonaceous  shale  (Romney ) 30 

3.  Greenish-gray  shale 16 

2.  Coarse  sandstone  ( "Oriskany *' ) 3-6 

1.  Limestone  (Lewistown) 15-25 

The  limestone  cliff  (1)  on  river  bank,  one-half  mile  below  iron  fur- 
nace, Covington,  Va.,  contains  the  following  species: 

FawnuU  of  zone  1  of  section  1S82  B,  near  Covington,  Va. 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Chfietetessp.  (c). 

2.  Crinoid  stem  (r). 

3.  Lichenalia  sp.  (c). 

4.  Stropheodonta  sp.  (r). 

5.  Leptsena  rhomboidalis  (a). 

6.  Orthis  sp.  (r). 

7.  Rhipidomella  oblata  (c). 

S.  Gypidulapseudogaleata  (r)- 

9.  Uncinulus  mutabilis  (c). 
10.  U.  nobilis  (r). 


11.  Eatonia  peculiaris  (c). 

12.  Rhynchonellasulciplicata  (r). 

13.  Bensselaeriasequiradiata  (r). 

14.  Spirifer  concinnus  (a). 

15.  S.  murchisoni  (c). 

16.  Trematospira  multiBtriata  (r). 

17.  Meristellasubquadrata  (c). 

18.  Avicula  sp.  (r). 

19.  Platyceras  robostum  (r). 

20.  Platyostoma  ventricosum  (?)  (r). 


The  coarse  sandstone  (2)  contains  the  following  species: 

Fhuntde  of  zone  18  of  section  1S82  B,  near  Covington,  Va, 


[a,  abundant;  c,  common.] 


1.  Dalmanella  planiconvexa  (r). 

2.  Rhipidomella  muscalosa  (r). 

3.  R.  cf.  oblata  (r). 

4.  Rensselaeria  ovoides  (a). 


5.  Spirifer  of.  arenosas  (r). 

6.  Spirifer  murchisoni  (c). 

7.  Meristella  lata  (r). 


The  greenish  shale  (3)  yielded  the  following  forms: 

Faunule  of  zone  S  ofsextion  1S82  B,  near  Covington,  Va, 


[c,  common;  r,  rare]. 


1.  Zaphrentis  sp.  (r). 

2.  Schizophoria  cf.  striatula  (r). 

3.  Atry|ia  spinosa  (r). 

4.  Amboccelia  umbonata  (c). 


5.  Bellerophon  sp.  (r). 

6.  Pleurotomaria  sp.  (r). 

7.  Oonulariasp.  (r). 

8.  Phacops  rana  (c). 
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From  the  black  shale  (4),  25  to  30  feet  above  the  Oriskany,  the  fol- 
lowing species  were  collected: 

FaunuU  of  zone  4  of  section  1S89  B,  near  Oovlngtonj  Va, 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Strophalosia  tmncata  (r). 

2.  Orthothetes  chemungensis  var.  arcto- 

BtriatuB  (c). 

3.  LeiorhynchoB  limitare  (a). 

4.  Nucleoepira  cf.  concinna  (c). 

5.  Anoplotheca  acutiplicata  (c). 

6.  Buchiola  specioBa  (a). 

7.  ClinopiBtha  cf.  antiqua  (r). 

8.  Nucula  corbuliformis  (c). 

9.  N.  cf.  lirata  (r). 

10.  Nuculites  triqueter  (r). 


11.  LeptodeBmaBOoiale  (r). 

12.  L.  pp.  (r). 

13.  Actinopteria  Bp.  (r). 

14.  Pleurotomaria  Bp.  (r). 

15.  Styliola  fisBurella  (a). 

16.  Tentaculites  gracilistriatus  (a). 

17.  ColeoluB  tennicinctuB  ( c ) . 

18.  HyolitheB  acliB  (c). 

19.  Agoniatites  vanuxemi  (r). 

20.  Parodiceraa  diBcoideum  (r). 


The  black  shale  (5),  aboat  50  feet  above  the  Oriskany,  yielded  the 
following  forms: 

Faunxde  of  zone  6  of  gection  ISSf  B,  near  Covington^  Va. 
[a,  abundant;  c,  common;  r,  tare.] 


1.  Orbicaloidea   cf.    lodiensiB  var.   me- 

dia (r). 

2.  Anoplotheca  acutiplicata  (c). 


3.  Panenka  (?)  sp.  (r). 

4.  Styliola  fissurella  (a). 

6.  Tentaculites  graciliBtriatuB  (a). 


About  one-half  mile  north  of  Covington^  at  the  side  of  the  wagon 
road,  just  opposite  the  blast  furnace  (1382  A),  the  limestone  (1)  of  the 
section  given  above  is  again  well  exposed  to  a  thickness  of  about  65 
feet.    The  following  species  were  obtained: 

Faunule  ofsedion  1S8S  A,  near  Covington^  Va, 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Lichenalia  cf .  torta  (c). 

2.  Stropheodonta  cf.  beckii  (c). 

3.  Orthothetes  woolworthanus  (r). 

4.  Uncinulus  mutabilis  (c). 

5.  RensBelseria  eequiradiata  (c). 


6.  Cyrtina  roetrata  (r). 

7.  Spirifer  condnnns  (a). 

8.  S.  cf.  cyclopterus  (r). 

9.  Aviculacf.  communis  (r). 

10.  Diaphorostoma  ventricosum  (r). 


West  of  Covington  fossils  were  collected  from  the  dark  sandy  shales 
which  lie  above  the  typical  black  shale  at  the  following  stations:  1382 
C,  west  bank  of  Jackson  River,  one-fourth  mile  south  of  Chesapeake 
and  Ohio  Railway  bridge  at  Covington,  and  1382  D,  hard,  bluish-greiMi 
shale,  one-fourth  mile  west  of  Covington,  on  roadside.  Tiiis  is  u 
somewhat  higher  horizon  than  1382  C.  The  faunules  obtained  from 
these  outcrops  (Jennings)  are  as  follows: 

Faunule  of  section  1S82  C,  near  Covington,  Va, 
[a,  abundant;  c,  common;  r,  rare.] 
1.  Paracardium  doriB  (a).  \  3.  Ilyolitlien  Bp.  (r). 


2.  ColeoluBsp.  (c). 


4.  (ioniatites  sp,,  (r). 
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Fauntde  of  section  13S^  D,  near  Covington,  Va. 
[c,  common;  r,  rare.] 


1.  Paracanliuin  dons  (c). 

2.  Bachiola  specioea  (c). 

3.  Nucala  oorbttliformis  (c) . 


4.  Palfeoneilo  sp.  (r). 

5.  Pterochsenia  fragile  (c). 

6.  Goniatitea  sp.  (r). 


HOT  SPRINGS,  BATH  COUNTY,  VA. 

Hot  Springs  is  about  25  miles  north  of  Covington.  Immediately 
northwest  of  the  springs  the  Paleozoic  beds,  from  the  Devonian  black 
shale  to  the  Cambrian,  have  been  tilted  until  they  stand  almost  verti- 
cal. The  *' black  shale"  is  not  all  black,  some  of  the  lower  beds 
being  a  pure  creamy  white  in  color.  A  bed  of  very  hard  cherty  sand- 
stone, 50  or  60  feet  in  thickness,  lies  at  the  base  of  the  black  shale. 
This  formation,  which  stands  vertical  here,  resists  weathering  more 
effectively  than  those  on  either  side,  and  resembles  the  ruins  of  a  mas- 
sive wall  running  up  the  side  of  the  mountain. 

All  of  the  fossils  collected  at  Hot  Springs  are  from  the  beds  above 
the  sandy  chert  exposed  along  the  railroad  northwest  of  Hot  Springs. 

The  section  at  Hot  Springs  northwest  of  the  springs,  along  the 
Chesapeake  and  Ohio  Railway,  is  as  follows: 

Section  1383  A,  at  Hot  Springti,  Va, 

Feet. 
9.  Dark  greenish  to  drab-colored  shale,  jiist  below  section  house,  about  1}  miles 

Ijelow  Hot  Springs 25 

8.  Dull  bluish-gray  shales 30 

7.  Tough  sandy  black  shale,  below  automatic  switch  No.  1 60 

Concealed 150 

6.  Ash-colored  shale 10 

5.  Black  and  gray  shales  alternating 40 

Concealed 60 

4.  Ash-colored  shale 50 

Concealed , 60 

3.  White  or  cream-colored  ctay  shale 9 

2.  Blackshale  (Romney) 10 

1.  Hard  cherty  sandstone  C^Oriskany") 50-60 

The  following  lists  show  the  faunai  associations  disclosed  in  the 
several  zones  of  this  section  (Romney -Jennings): 

Faunute  of  zone  2  of  section  13S3  Ay  at  Hot  Springs,  Va. 
[a,  abundant;  c,  common;  r,  rare.] 

1.  Orbiculoidea  doria  (c).  ,  3.  Anoplotheca  cf.  acutiplicata  (a). 

2.  Chonetes  cf.  coronatua  (r).  4.  Styliola  fissurella  (c). 

Faunuk  of  zone  3  of  section  1383  A,  at  Hot  Springs,  Va. 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Crinoid  stem  (r). 

2.  Orbiculoidea  doria  (r). 

3.  Pholidopssp.  (c). 

4.  Anopliasp.  (c). 

5.  Bellerophon  leda  (r). 


6.  Styliola  fissurella  (a). 

7.  Coleolus  sp.  (r). 

8.  Goniatites  sp.  (r). 

9.  Ostracods  (c). 
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FanmUe  of  wm  4  of  Heelion  138S  A,  at  Hot  Sprittgs,  Va, 
[a,  abuudaiit;  c,  common;  r,  rare.] 


1.  Orthothetes  chcninngensis  var.  aivto- 

striatuB  (a). 

2.  Chonetfee  cf.  setigerus  (r). 

3.  Leiorhynchu»  limitare  (a). 

4.  Anoplotheca  sp.  (c). 


5.  Bui-hiola  8|>edo8a  (a). 

6.  Actinopteria  e^isiloii  (r). 

7.  Styliola  iiflHurella  (a). 

8.  Tentaculites  gracilistriatiis  (a). 

9.  Goniatites  sp.  (r). 


FaumUe  of  zone  5  of  secHmi  1S83  A,  at  Hot  Springs,  Va, 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Tropidoleptus  carinatus  (r). 

2.  Anoplotheca  sp.  (r). 


3.  Amboccelia  umlx»nata  (a). 

4.  Actinopteria  sp.  (c). 


FaumUe  of  zone  6  of  section  1S83  A,  at  Hoi  SprtTigs,  Va. 
[a,  abundant;  c,  common;  r,  rare.] 


1.  ZaphrentiB  sp.  (r). 

2.  Chonetes  setigerus  (r). 

3.  Leiorhynchus  cf.  laura  (r). 

4.  Ambocoelia  umbonata  (r). 

5.  Buchiolaspeciosa  (c). 

6.  Nucula  lirata  (c). 

7.  Pterochseniacf.  fragile  (large  var.)  (r). 


8.  Actinopteria  epsilon  (c). 

9.  Styliola  fisKurella  (a) . 

10.  Tentaculites  gracilistriatus  (a). 

11.  Coleolus  tenuicinctus  (r). 

12.  C.  sp.  (r). 

13.  Parodiceras  discoideum  (c). 


FaumUe  of  zone  7  of  section  138S  Ay  at  Hot  Sf /rings,  Va, 

[(!,  common;  r,  rare.] 


1.  Paracardium  doris  (c). 

2.  Pararca  transversa  (r). 


3.  Nucula  sp.  (r). 

4.  Orthoceras  sp.  (r). 


Faunule  of  zone  8  of  section  1383  A,  at  Hot  Springs,  Va, 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Buchiola  speciosa  (c). 

2.  Palteoneilo  constricta  (r). 

3.  Pterochsenia  fragile  (a). 


4.  Coleolus  acicula  (r). 
6.  Orthoceras  sp.  (r). 


1.  Pararca  transversa  (rare). 

2.  Panenka  sp.  (rare). 


Faunule  of  zone  9  of  section  1383  A,  at  Hot  Springs,  Va, 

3.  Ptenx!hajnia  fragile  (rare). 


CLIFTON  FORGE,  ALLEGHANY  COUNTY,  VA. 

The  followinj(  section  is  exposed  near  the  Chesapeake  and  Ohio 
Railway  bridge  just  west  of  Clifton  Forge: 

Section  1384  ^'U  ft^car  Clifton  Forge,  Va, 

Feet. 

3.  Ash-colored  shale .-. . .  .^ 125 

2.  Soft  coarse  brown  sandstone  ( *' Oriskany  *' ) 15 

1.  Hard  blue  limestone  with  chert  bands  in  lower  layers 80 


Total 


220 
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The  uoartte  sandHtone  ("Orbkany")  ono-half  mile  we^t  of  Clifton 
Foi^e  contains  the  following  faunule: 

PaurmU  of  zotu  g  of  teetion  1384  A,  one-half  miit  wttt  of  ClifUni  Forgt,  Va. 
(it.  BbuDduKi  i-.  common:  r,  rare.] 


1.  Htropheodonta  Bp.  (r). 

2.  Leptwn>  rhomboidclie  (r). 

3.  RhipidomelU  cf.  cumberlandiie  (r]. 

4.  R.  musculoflB  (r). 

6.  Estonia  peculioris  (r). 

B.  ReDnelKriacnmberlMKlue  (r). 


7.  B.  ovoides  (■). 

8.  Cyrliaamstr»ta(r). 

9.  Spirifer  i;f.  arenoeus  (r). 

10.  B.  murchisoni  (c). 

11.  Aaoplotheca  cf.  flabellitee  (r). 


No  collecting  was  done  in  the  beds  above  or  below  this  sandstone. 


Bis  Hoeeulii  Osp.  Ta. 
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ng.  g.— SecUooi  in  Virginia  and  W«t  Vligliiia. 


44  CONTRIBUTIONS   TO   DEVONIAN   PALEONTOLOGY.        [BULL.a«. 

COMMENTS  ON  8BCTIONB. 

By  H.  S.  Williams. 

The  facts  here  presented  are  chiefly  valuable  for  the  statistics  them- 
selves, viz,  the  detailed  analysis  of  a  number  of  local  f  aunules.  A  word 
may  be  added,  however,  to  indicate  the  bearing  of  these  statistics  upon 
the  general  problems  of  correlation,  and  upon  the  determination  of  the 
particular  horizon  to  which  each  fauna  should  be  assigned. 

On  the  ordinary  basis  of  correlation  (i.  e.,  the  presence  of  species 
which  have  heretofore  been  recorded  from  some  definite  geological 
horizon)  it  is  easy  to  indicate  the  general  position  of  the  several  zones 
in  the  geological  column.  This  general  classification  is  indicated  by  the 
lettering  of  the  separate  parts  of  the  sections  which  are  arranged 
in  approximately  parallel  order.     (See  sections,  pp.  16,  28,  43.) 

In  this  arrangement  the  capital  letters  O,  S,  B,  D,  and  C  are  employed, 
with  the  following  meaning:  O  indicates  Ordovician;  S  indicates  Silu- 
rian, not  later  than  Niagara  in  age;  R,  the  formation  containing  the 
Rensselasria  fauna,  called  Giles  formation  in  the  Pocohontas  folio,  Han- 
cock formation  in  the  Estillville  folio,  the  upper  sandy  portion  of  it 
being  called  Monterey  sandstone  on  several  of  the  Virginia  and  West 
Vir^nia  sheets;  D  is  used  to  indicate  the  Devonian  formations  as  low  &s 
the  Jeffersonville  limestone  of  the  Indiana  survey;  C  indicates  forma- 
tions in  which  Carboniferous  faunas  are  recognized. 

On  the  east  side  of  the  Cincinnati  arch  there  appears  to  be  an  uncon- 
formity at  the  base  of  the  black  shale.  West  of  it  (in  Indiana,  Ten- 
nessee, southern  Illinois,  and  Arkansas)  a  limestone  occasionally  occurs 
conformably  below  the  black  shale.  This  limestone  has  a  fauna  which 
appears  in  the  New  York  Onondaga  limestone^  and  sometimes  it  con- 
tains traces  of  the  livpidoleptvs  fauna  of  the  Hamilton  formation  of 
New  York.  Where  this  limestone  occurs  the  unconformity  appears 
below  it. 

There  is  considerable  irregularity  in  the  age  of  the  formation 
immediately  underlying  the  unconformity.  In  most  of  the  western 
Kentucky  and  Indiana  sections  the  underlying  formation  is  Silurian 
and  carries  a  Niagara  fauna,  but  in  some  of  the  Kentucky  sections, 
as  well  as  in  northern  Arkansas,  the  highest  formation  below  the 
unconformity  is  Ordovician.  In  the  more  eastern  sections  in  Virginia 
and  West  Virginia  the  Rensselseria  fauna  is  found  in  some  of  the 
uppermost  Silurian  formations  immediately  below  the  black  shale. 
In  western  Tennessee,  and  also  westward  beyond  Arkansas  in  Indian 
Territory,^  traces  of  the  BensseleBria  fauna  also  appear. 

It  has  not  been  definitely  proved  that  there  is  an  unconformity 
below  the  formation  containing  the  Kensselasria  fauna,  but  in  both 

aGirty,  6.  H.,  Preliminary  report  on  Paleozoic  invertebrate  fossils  from  the  region  of  the  McAleete^ 
coal  fields,  Indian  Territory:  Nineteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  3, 1899. 
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cases  the  f aunal  evidence  suggests  this  interpretation.  More  evidence 
will  be  required  before  safe  generalizations  can  be  drawn  as  to  the 
sequence  of  faunas  in  this  part  of  the  area. 

COBBEIiATIOXS. 

By  H.  8.  WiiiLiAiCB. 

The  limestone  and  the  terminal  Silurian  sandstone  of  the  E^stillville 
folio  are  undoubtedly  the  constituent  parts  of  the  ^^  Hancock  lime- 
stone "  of  that  folio.  The  Hancock  limestone  is  described  as  thinning 
out  to  the  southeast,  and  in  the  correlation  given  by  Campbell,  it  is 
the  equivalent  of  the  Meniscus  limestone  of  SafFord  and  of  the  Oris- 
kany  and  Lower  Helderberg  of  Stevenson.^ 

The  Giles  formation  of  the  Pocohontas  quadrangle  is  correlated  with 
the  Lower  Helderberg  and  Oriskany  by  Mr.  Campbell.^  In  north- 
ern and  central  Virginia  the  Lewistown  limestone,  including  the  chert 
lentil,  is  correlated  with  the  Lower  Helderberg,  Salina,  and  Niagara, 
and  the  Monterey  sandstone  is  correlated  with  the  Oriskany.^ 

Mr.  Darton  describes  the  underground  erosion  of  the  Lewistown 
limestone  as  follows: 

The  limestones  are  caTemoua  and  many  extenaiye  caves  have  been  discovered. 
One  of  them,  the  Blowing  Cave,  is  in  a  small  anticline  traversed  by  Cowpasture 
Biver,  6  miles  west  of  Panther  Grap.  *  *  «  Springs,  sinks,  and  other  evidences  of 
nndeigroond  drainage  are  of  general  occmrence  in  the  limestone  area. 

In  this  region  the  thickness  of  the  Lewistown  limestone  varies  from 
550  to  1,080  feet,  and  that  of  the  Monterey  sandstone  from  50  to  200 
feet. 

It  will  be  noticed  also  that  the  black  shale  caps  the  series  in  all  the 
sections  described  in  all  this  part  of  the  Appalachian  province. 

In  Maryland  the  lower  member  is  called  Helderberg  and  varies  from 
750  to  900  feet  in  thickness,  followed  by  black  chert  lentils.  The 
next  formation  is  the  Oriskany,  325  to  350  feet  thick,  which  is  capped 
by  the  black  shales  of  the  Romney  formation.^ 

These  definitions  are  consistent  with  the  following  generalization: 
Upon  a  more  or  less  pure  limestone  terrane  of  varying  thickness  (the 
Hancock,  Lewistown,  Helderberg)  was  deposited  a  cherty  limestone 
which  becomes  sandy  and  ends  in  coarse  sandstone^  occasionally 
described  as  conglomerate;  above  these  are  the  cherty  lentils  of  the 
limestone  (Giles  formation  or  Monterey  sandstone);  above  these  is  the 
base  of  the  extensive  Devonian  black  shale  (Chattanooga,  Romney). 

In  most  cases  there  is  more  or  less  distinct  evidence  of  underground 
solution  of  the  limestone  underlying  the  black  shale.     From  a  forma- 

aQeol.  Atlas  U.  8.,  folio  12. 

b  Campbell,  Oeol.  Atlas  U.  S..  folio  26. 

«  Darton,  Oeol.  Atlas  U.  8.,  folio  61. 

d Clark,  W.  B..  Maryland  Oeol.  Survey,  Allegany  County,  1900. 
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tional  point  of  view  the  evidence  f  avoifs  the  hypothesis  that  the  waterb 
which  produced  the  erosion  entered  through  the  outcrops  of  the  porous 
sandstone  zone,  and,  percolating  downward,  took  out  the  calcareous 
portion  of  the  rocks  unevenly,  the  sandstones  settling  as  erosion  pro- 
ceeded; the  amount  of  erosion  being  determined,  partly  at  least,  by 
the  arenaceous  admixture  with  the  limestone.  The  irregular  thickness 
was  probably  determined  by  the  local  position  of  the  rocks  relative  to 
flowage  of  water  through  them. 

In  the  more  southern  exposures  erosion  has  been  greater  than  in 
Maryland,  northern  Virginia,  and  West  Virginia.  The  association  of 
the  iron  ores  with  the  sandstone  portion  of  the  formation  may  also  be 
accounted  for  by  the  inwash  of  ferruginous  waters  into  the  cavernous 
interior  from  the  surface,  after  the  underground  erosion  had  taken 
place.  This  interpretation  is  further  borne  out  by  the  paleontological 
evidence. 

THE  BEKSSJSIiiBRIA  FAUKA. 

By  H.  S.  WiLUAMB. 

In  the  following  table  the  species  from  each  of  the  zones  immedi- 
ately underlying  the  black  shale  are  tabulated.  Twelve  faunules  are 
listed,  and  they  are  arranged  approximately  in  their  order  from  south 
to  north.  They  are  listed  together  on  account  of  their  evident  faunal 
association,  and  because  they  are  not  separable  on  formational  lines; 
that  is,  species  which  in  the  more  northern  sections  are  strictly  asso- 
ciated with  the  calcareous  and  lower  members  of  the  series  are,  in  the 
southern  sections,  included  in  the  sandy  beds.  They  may  have  been 
arenaceous  beds  which  originally  were  calcareous  sandstone,  out  of 
which  the  calcareous  material  has  been  leached  by  percolating  waters 
after  the  edges  of  the  beds  were  exposed  to  the  surface  drainage.  The 
fauna  is  called  in  this  paper  the  BensselaBria  fauna,  and  includes 
species  which  have  been  referred  to  the  Lower  Helderberg  and 
Oriskany  formations  as  they  were  originally  defined  in  the  New  York 
reports. 

The  Rens9eUeria  fauna  of  the  Appaiachians. 
[a,  abundant;  o,  common;  r,  rare;  L,  Lower  Helderberg;  0,  Orlakany.] 


SeetionB. 

Range  in 
New 
York 

1878. 

1879. 

1880. 

1882. 

1884. 

Al. 

A2. 

r 

B2. 

r 

C. 

S. 

Al. 

X. 

A2. 

Bl. 

B2. 

Al. 

A2. 

tions. 

1.  Zaphrant^T  fP- -  - --- 

r 
r 
r 

2.  CyathoDhyllum  hp 

3.  CystiDhyllum  sd 

4.  Calceola  cf .  Dlicata 

r 

5.  FayoslteflBD 

r 

r 
r 

6.  F.  cf .  CladoDOra  BT> 

7.  Auloporasp 

r 

*  ■  •  •  • 
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The  Renuelseria  fauna  of  the  Appalachians — Continued, 
[a,  abundant;  c,  common:  r,  rare;  L,  Lower  Helderberg;  O,  Oriskany.] 


Sectiona. 

Range  in 

New 

York 

fonnfl- 

1876. 

1879. 

1880. 
A2. 

1382. 

1884. 

Al. 

A2. 

B2. 

C. 

E. 

Al. 

X. 

Bl. 
c 

B2. 

Al. 

A2. 

tions. 

8.  Ch8Dtet6in)...k.... 

9.  Aspidocilnns    Mutelli- 
formis 

r 

a 

... 

L 

10.  Crinoid  fragments 

1 

r 

r 
c 

11.  Lichenalia  cf.  torta 

1 

c 

L 

12.  StictoDoia  8D 

r 
r 

1 

18.  PolyDorasD 

1 

\ 

14.  Fenestella  so 

1 
.....I--  -- 

r 

1ft.  RiW«n<^n>llR. frni.ndii|^ ,,,, 

r 

o 

16.  PholldoDfl  cf .  arenaria  . . 

' 

c 

*  * "  •  • 

0 

17.  Stropheodontabeckil... 

18.  S.llnckl»nl 

r 

c 

r 
c 

1 

c 

1 
1.... . 

1 

O 

19.  S,  mftimifloft  -  -  - 



0 

20.  8.  cf.  nlannlata 

r 

L 

21.  S.8p .*.. 

r 

r 

r 

22.  Btrophonella     cavum- 
bona 

r 
c 

r 
c 

r 

c 

a 

c 

L 

28.  Leptaena  rhomboldalis . 
24.  Orthotbetes  wool  worth- 
anus  

r 

r 

a 

r 

L 

25.  HiDDarlonyz  Droxlmufl. 

r 

0 

26.  Chonetes  8D.  noy 

r 
c 

r 

27.  Anoolia  nucleata 

0 

28.  OrthissD 

•  •  •  • 

c 

c 

r 

1 

29.  Dalmanella    planioon- 
vexa 

r 

r 

T 

80.  Rhlpidomella  cnmber- 
landiffi 

r           0 

81.  R.  mnflonlosa  ........... 

a 

c 

r 

T 
T 

1 
r    1       O 

32.  R.oblata 

r 
r 

c 

a 
r 

r 
c 

L 
L 

38.  Gypidulapeendogaleata 
34.  Amphigenlacf .  elongata 
85.  Rbynchotrema   formo- 

BUIIl 

c 

r 

r 
a 
r 

L 

36.  CamarotoBchia    ventrl- 
com 

a 

c 

L 

37.  Undnalufl  campbell- 
anus 

L 

88.  U.mntabilis 

c 

r 
c 

c 

L 

89.  U.nobllls 

L 

40.  Katonla  Deculiarfii 

c 
c 

r 

41.  TC.  nnmlllji. 

0 

42.  Rhynchonella  acutlpll- 
nata 

c 

L 

48.  R.altiDlicata 

c 

r 

L 

44.  R.oblata 

r 

0 

46.  R.  mldnlloata .......... 

r 

L 

4A    R.ID 

r 

* 

47.  Rennelttrla   nqnira- 
diata 

r 

c 

r 

L 

4fL  R.  RnmhArlandlff^ ....... 

0 

49.  R.  cf.  marylandica 

r 

0 
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The  Renssdaria  fauna  of  the  Appalachiana — Continaed. 
[a,  abnndant;  c,  oominoii;  r,  rare;  L,  Lower  Helderbeig;  O,  Oiiskany.] 


Sectionfi. 

Range  in 

New 

York 

forms.- 

1876. 

1879. 

1880. 
A2. 

1382. 

1884. 

Al. 

r 

A2. 

B2.    C. 

£. 

Al. 

X. 

Bl. 

B2. 

Al. 

A2. 

tions. 

60.  R.  mntabllia 

r 

L 

61.  R.  ovoides 

a 

a 

a 

o 

62.  R.  sp 

r 

53.  Beachia  cf.  suessana. . . . 

c 

o 

54.  AtnTpa  reticularis 

r 
c 

r 

55.  Cyrtina  dalmani 

56.  C.  rostrata 

r 

c 

L 

r 
a 

r 
r 

o 

57.  8plrifer  arenosus 

c 

a 

a 

r 

o 

58.  S.  concixuiiui 

L 

59.  8.  cTunberlandiw  ....... 

c 

a 

o 

60.  8.  cycloDterofl 

a 

a 

r 

61.  8.  murchisoni 

c 

c 

0 

c 

o 

62.  8.  (Delthyris)  cf.  per- 
lamelloenB 

r 

L 

63.  8.  8D 

r 
r 

r 

« 

r 

64.  Reticularia  flmbrlata... 

o 

65.  Amboccelia  8D 

r 

66.  Trematospira      multi- 
striata 

r 

L 

67.  NudeoflDlra  8D 

r 

r 
r 

68.  Anoplotheca  cf .  dicho- 
toma 

o 

69.  A.  cf.  flabellltes 

0 

r 

o 

70.  Meristella  cf .  bella 

r 

L 

71.  M.  lata 

r 

r 

o 

72.  M.  IflBVifi 

c 

r 

c 

73.  M.  snb^uadrata 

74.  M.sp 

c 

r 
r 

c 

c 

c 

L 

r 

75.  Aylcula  cf .  communis . . 

r 

r 

L 

76.  Cyrtolites  (?)  expansus. 

77.  Loxonema  so 

r 

O 

r 
r 

78.  HoloDea  antiaua 

. .. 

L 

79.  Platycerascf.  gebhardl. 

80.  P.  robustum  ............ 

c 

r 

r 

L 

r 

L 

82.  P.  sp 

r 

88.  DiaphoroBtoma  ventrl- 

(vwnjin 

r 
r 

r 

r 

r 

84.  Tentaculites  elongatus. 

85.  T.  SD 

r 

r 

r 

86   Proetus  Drotuberans . . 

r 

L 

87.  P.  BD 

r 
r 
r 
c 

88   Homflilonotiis  bd 

89.  PhacoDB  cf.  crist&ta  . 

r 

O 

90.  P.  lofirani 

L 

91.  Dalmanltescf.anchiops. 
92   D  nleiiroDtvx      

r 
r 

r 

O 

1 

O 

1 
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It  will  be  observed  by  reference  to  the  descriptive  part  of  this  paper 
that  the  zones  1376  A2, 1376  B2,  1379  Al,  1379  X,  1380  A2,  1382  B2, 
1384  A2  are  at  present  sandstone,  often  coarse-grained;  the  other 
zones  are  more  or  less  calcareoas. 

The  species  which  are  peculiar  to  the  Oriskany  in  New  York  are 
generally  confined  to  the  sandstone,  but  this  is  not  always  the  case,  nor 
are  peculiar  Helderbergian  fossils  restricted  to  the  calcareous  beds.  In 
the  New  York  sections  Aspidocrinus  appears  in  the  "  Slialy  limestone" 
or  "  ScuteUa  limestone"  of  the  early  reports,  while  in  both  sections  in 
which  it  occurs  in  Virginia  (Bigstone  Gap  1376  B2  and  Rocky  Gap 
1379  X)  it  is  found  in  sandy  beds.  At  Rocky  Gap  (1379  X)  it  occurs  in 
a  coarse  sandstone  similar  to  the  typical  Oriskany  of  New  York. 

It  is  evident  that  the  subdivisions  of  the  Rensselasria  fauna,  which  in 
the  northern  Appalachian  region  have  determined  the  division  of  the 
strata  into  numerous  separate  formations,  are  not  universal.  Future 
investigations  probably  will  show  that  the  composition  of  the  local 
faunules  is  determined  rather  by  environmental  conditions  recorded 
by  the  differing  characters  of  the  sediments  than  by  actual  epochs  in 
their  history. 

THE  BliACK  SHAIiE  ANB  ITS  FAUNA. 

By  H.  S.  Williams. 

It  will  be  noted  that  while  the  New  Albany  shale  reaches  a  thick- 
ness of  100  feet  in  Indiana,  it  thins  out  and  is  often  not  represented 
along  the  axis  of  the  Cincinnati-Nashville  arch.  On  the  eastern  side 
of  this  arch  it  thickens  again  eastward,  and  along  the  Appalachian 
channel  is  very  thick.  The  ^'Chattanooga"  shale  attains  a  thick- 
ness of  several  hundred  feet,  and  runs  up  into  coarser  and  more 
irregular  beds,  known  as  the  Grainger  shale  in  southern,  and  as  the 
Romney  shale  in  northern,  Virginia  and  West  Virginia.  The  fauna  of 
the  pure  black  shale  is  very  meager  in  both  species  and  specimens. 

At  Louisville  (1367  A3)  the  black  shale  contains  Lingula  &patulata 
and  Schizobolm  concentricus.  Northeast  of  Brooks,  Ky.  (1366  A3),  it 
holds  Leiorhynchusquacb^icoatatum^  Chonetesscitulus^Lingida  spatulata^ 
and  a  small  Fteurotornaria,  In  the  Bigstone  Gap  region  (1376  B3)  it 
contains  Schizobohis  concentricvs  and  Lingvla  ligea.  In  Bland  County, 
Va.,  along  Kimberling  Creek  (1379  A2),  Schizoholits  truncatus  appears 
in  rocks  which  are  there  classified  as  Romney  shales,  but  which  are  only 
a  few  feet  above  the  base  of  the  Giles  formation,  which  contains  the 
Oriskany  type  of  the  Rensselaeria  fauna.  The  same  species  occurs 
in  a  similar  black  shale  one-half  mile  north  of  Hicksville,  Va.,  and 
is  characteristic  of  the  black  shales  of  the  White  Sulphur  Springs 
section  (1880  A4). 
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If  the  list  of  species  is  taken  as  a  whole  it  becomes  evident  that  the 
fauna  is  the  one  represented  in  the  Genesee  shales  of  New  York.  This 
interpretation  would  appear  to  be  confirmed  by  the  faunule  (1367  A) 
at  Huber,  Bullitt  County,  Ky.,  in  which  ReticvlariajiTnhriata^  Athyr^* 
%jnHfermde^^  and  Tropidd'eptxis  occur  in  the  limestone  directly  under 
the  black  shale.  The  reported  range  of  the  fauna  as  given  in  Scbuch- 
ert's  list  of  brachiopods  is  as  follows: 

Bangt  of  black  shale  tpecies, 

Lingula  spatulata Geneeee-Portage. 

L.  ligea Hamilton-Portage. 

Schizobolufi  concentricus Genesee. 

Chonetes  scitulus Maroellus-Chemung. 

Leiorhynchus  quadricoetatam Genesee. 

And  a  Pleurotomaria  sp. 

The  sequence  of  faunas  at  Hot  Springs,  Bath  County,  Va.,  presents 
another  view  of  the  case.  There  (1883  A)  both  Anoplia  and  Ano- 
plotheca  occur  in  the  black  shales,  which  are  over  100  feet  thick  and 
lie  below  the  zone  (A5)  which  contains  Tropidoleptvs  carinatus;  and 
no  species  of  either  of  those  two  genera  is  listed  higher  than  the 
Onondaga  (Corniferous)  limestone.  There  is  thus  evidence  that  at 
Hot  Springs  the  black  shale  sedimentation  occurred  as  low  as  the 
Onondaga  formation.  Such  a  conclusion  is  confirmed  by  the  presence 
in  the  faunule  1383  A4,  of  Leiorhynchus  limitare  and  Tefitdculites 
gracilistriatu8  (both  regarded  as  confined  to  the  Marcellus  shale  of 
New  York)  and  Anoplotheca.  This  conclusion  is  also  supported  by 
the  composition  of  the  faunule  of  zone  1382  B4,  a  typical  black  shale 
within  30  feet  of  the  top  of  the  Bensseleeria  fauna,  in  which  are  found 
Anoplotheca  acutiplicata  (listed  as  an  Onondaga  (Corniferous)  species) 
with  Leiorhynchus  limitare  and  Agotiiatites  vanuxerrii^  both  listed  as 
Marcellus  species.  Such  facts  indicate  that  the  black  shale  was 
deposited  in  a  thick  mass  in  the  Appalachian  trough  before  the  fauna 
of  the  Onondaga  (Corniferous)  formation  was  extinct. 

As  the  sections  are  followed  upward,  the  shales  become  coarse  and 
fiaggy  and  contain  faunas  which  in  New  York  occupy  the  formations 
from  Onondaga  upward  to  Chemung.  The  formations  holding  similar 
faunas  in  western  Kentucky  and  Indiana,  west  of  the  Cincinnati  arch, 
are  calcareous  at  the  base. 

The  fauna  of  the  Sellarsburg  beds  contains  traces  at  least  of  the 
fauna  of  the  Hamilton  formation  of  New  York  State,  and  thus  fur- 
nishes reason  for  classifying  the  black  shales  of  that  region  with  the 
Genesee  of  New  York. 
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THE  BUCHIOIiA  8PECIOSA  FAUNA. 

By  H.  S.  WiLUAMs. 

Another  argument  for  the  belief  that  in  the  regions  here  discussed 
the  black  shales  range  from  as  low  as  the  Onondaga  to  and  beyond  the 
base  of  the  Carboniferous,  is  found  in  the  distribution  among  them  of 
forms  which  in  New  York  State  are  listed  as  Nunda  (Portage)  species. 

Take,  for  instance,  the  faunules  containing  Biuihiolaspecioaa.  They 
appear  in  black,  shaly  sediments  and  in  the  coarser  shales  following 
them  in  the  middle  Appalachian  region.  But  a  glance  at  the  faunule 
lists  shows  that  they  belong  to  a  general  fauna  which  in  New  York  is 
sometimes  seen  in  one  or  other  of  the  Marcellus,  Genesee,  and  Nunda^ 
formations,  and  only  in  insignificant  proportions  in  any  of  the  other 
formations,  occupying  the  part  of  the  column  between  the  Marcellus 
to  the  Chemung. 

For  some  of  the  species  the  range  is  lower  or  higher  than  these 
limits.  From  both  the  association  in  the  faunules,  and  the  absence  of 
common  genera  of  other  formations  of  this  part  of  the  Devonian,  it  is 
fair  to  infer  that  JBtichiota  speciosa^  PterocJiSBnia  fragile^  Paracardiurn. 
doris^  Parodiceras  discoideum^  Styliolajissurella^  Tentdculites  gradlis- 
triatuSy  and  some  other  associated  species,  constitute  a  fauna  which 
persisted  for  a  considerable  portion  of  middle  Devonian  time,  repre- 
sented in  the  New  York  sections  by  the  formations  from  Marcellus 
to  Nunda,  inclusive. 

The  following  table  exhibits  the  association  of  the  species  of  the 
Btichiola  speciam  fauna  in  the  Virginia  faunules  and  their  reported 
range  in  the  formations  of  New  York: 

The  Buckiokt  spedata  fauna  represented  in  the  Virginia  gectuma  and  its  reported  range  in 

the  New  York  formations. 


[a,  abandaUt;  c,  oommon;  r,  rare;  C,  Chemang;  O,  Oenesec 

0,  Onondaga;  N,  Nunda;  W, 

y,  H,  Hamilton; 
Waverly.] 

I.Ithaca 

;  M.  Marcellus; 

Section. 

Range  In  New 

York  foima- 

tionfl 

1880. 

1882, 

1888. 

Bl. 

Dl. 

Ei. 

B4. 
c 

CI. 

Dl. 

A4.  A6. 

A7. 

A8. 

A9. 

1.  Orthothetes   chemongenBls  var. 
arctostriatufl 

a 

H. 

2.  ChoneteB  cf .  setifferuB 

r 

r 

M,  W. 

ff.  StroDhaloda  tnincata 

r 

* 

i 

H.  N,  I. 

4.  Leiorhynchus  lanra 



r 

1 

'     M,  H. 

a 

a 

M. 

d.  AmtxxKBlia  mnbonata 

r 

M,  C. 

7.  Nnci^KXifptra  cf .  condnna 

c 
c 

r 

***i  " 

0,  H. 

tL  Anoplotheo^  ■xmtipllra^ta  -...,,.., 

c 

0. 

9.  Cllnoirffftha  cf .  ai^tlcina 

1 

0. 

r 
a 

a 

c 

C 

•  •  ■  • 

X. 

11.  Bnchiola  Bpedoia 

a 

a 

a 

c 

a 

c 

c 

H.  G,  N. 

a  Bee  footnote  on  p.  88. 
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The  Buckiola  speciosa  fauna  represented  in  the  Virginia  ^sections  and  its  reported  range  in 

the  New  York  formations — Continued. 

[a,  abundant;  o,  common;  r,  tare;  C,  Chemung;  O,  Oenesee;  H,  Hamilton;  I«  Ithaca;  M,  Maroellos; 

O,  Onondaga;  N,  Nunda,  W,  Waverly.] 


^ 

Section. 

Range  in  New 

York  forma- 

tinns 

4 

1880. 

1382. 

13S8. 

Bl. 

Dl. 

El. 

fi4. 

C. 

D. 

A4. 

A6. 

A7. 

r 

A8. 

•  •  ■  ■ 

A9. 

r 
r 

12.  Pararca  transvena 

C. 

13.  Panenka  8P 

r 

14.  Nucula  corbullformla 

c 

r 
r 

c 

H.  C. 

16.  N.  cf.lirata 

c 

H. 

16.  Nuculites  trlqueter 

17.  PalflBonello  breTis 

r 

• 

18.  P.  constrlcta 

r 

H.  N,  C. 

19.  Leptodesma  aociale 

r 

C. 

20.  Pterochsenia  fnurile 

c 

•    a    ■    ■ 

r 

r 
c 

c 

r 

Aft  .       Xl  .      Ct.       .N  m.      \^m 

21.  Actinopteiia  epsilon 

c. 

22.  Plethospira  Bocialis 

a 

23.  Styliola  flBsuiella 

a 

a 
a 

a 
a 

r 

a 
a 

M.  G. 

24.  Tentaculites  eracilistrlatuB 

M. 

25.  ColeoluB  acicula 

.... 

G. 

26.  C.  tenulcinctus - 

c 
c 

r 

1 

H. 

27.  Hyolithes  acllfl 

H. 

28.  Orthocenus  bebryx  var.  cayuga 

29.  Agonlatitra  vanuzemi 

r 

C. 

r 
r 

M. 

80.  Parodiceraa  dlflooldeum 

c 

r 

r 

c 

1 

H. 

•*"l 

The  association  of  the  several  species  of  the  Virginia  faunules  indi- 
cates the  homeotopic  relationship  of  the  faunules,  and  leaves  little 
room  for  doubt  that  no  one  of  the  species  can  be  regarded  as  univer- 
sally diagnostic  of  any  particular  zone  of  the  middle  Devonian,  but 
for  purposes  of  correlation  indicates  only  some  portion  of  the  wide 
range  of  time  expressed  by  the  series  of  formations  named. 

THE  FAUNUIiBS,  THEIR  RANGE  AND  ENVIRONMENT. 

By  H.  S,  Williams. 

An  examination  of  the  separate  faunules  brings  out  their  relation- 
ship to  each  other,  and  also  the  relation  between  the  faunal  contents 
and  the  purity  of  the  black-shale  sediments. 

In  the  lower  part  of  these  black  shales  of  Virginia  and  West  Vir- 
ginia their  normal  fauna  is  present,  as  is  shown  in  the  faunules  1376 
B3, 1379  A2, 1380  A4, 1382  B4  and  B6, 1383  A2  and  A3,  which  contain 
the  following  species: 


Lingula  ligea. 
SchizoboluB  concentricos. 


S.  truncatus. 
Chonetes  scitulos. 


These  species  occur  in  the  southern  sections,  where  the  fine-grained 
black  shale  rests  immediately  upon  the  limestones.  The  shales  are 
the  typical  Chattanooga  shales. 


WILUAMB  AND") 
KINDLB.        J 
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The  black  shale  at  Hot  Springs,  Va.,  contains  the  following  species: 

Faunule  of  black  shale  of  Hoi  Sjmngs,  T  a. 


1.  Orbiculoidea  doria. 

2.  Chonetes  cf .  coronatus. 


3.  Anoplotheca  cf.  acutiplicata. 

4.  Styliola  fissurella. 


This  follows  the  hard  cherty  sandstones  which  stratigraphically 
represent  the  Oriskany. 

The  section  at  Covington  presents  15  feet  of  gray  shale  between  the 
top  of  the  sandstone  (Oriskany)  and  the  black  shale  (1882  B4).  The 
black  shale  (1382  B4  and  B5)  contains  the  following  species: 

Faunule  of  black  shale  at  CovinffUm,  Va. 
[a,  abundant;  c,  common.] 


1.  Orbiculoidea  lodiensiB  var.  media. 

2.  Orthothetes  chemuDgensis  var.  arcto- 

striatuB. 

3.  Leiorhynchos  limitare  (a). 

4.  Nucleospira  concinna. 

5.  Anoplotheca  acutiplicata  (c). 

6.  Clinopistha  antiqua. 

7.  fiuchiolaspeciofia  (a). 

8.  Nucula  corbuliformis. 


9.  N.  cf.  lirata. 

10.  Nuculitefl  triqueter. 

11.  Leptodesma  sociale. 

12.  Actinopteria  epsilon. 

13.  Styliola  fissurella. 

14.  Tentaculitee  gracilistriatus. 
16.  Coleolus  tenuicinctus. 

16.  Hyolithes  aclis. 

17.  Agoniatites  vanuxemi. 


This  fauna  presents  a  combination  of  species  not  generally  found  in 
the  New  York  formations,  where  the  Marcellus,  Genesee,  and  Nunda 
formations  carry  fairly. distinct  faunas.  The  dominant  characteristics 
of  the  fauna  are  its  Pteropods  and  Buchiola  y^edom.  Although  it 
carries  Leiorhynchua  limitare  in  abundance,  Buchiola  speciosa  is  also 
abundant. 

There  are  a  few  other  zones  holding  evidently  the  same  fauna,  which 
lie  higher  up  in  the  black  shales  of  the  more  northern  sections.  1 
will  select  these  on  the  basis  of  presence  of  Biichiola  speciosa^  either 
common  or  abundant.     (See  the  chart,  p.  5.) 

1380  Bl  adds  the  following  species  to  the  list  above: 


1.  Paracardium  doris. 

2.  Palseoneilo  brevis. 


3.  Orthoceras  bebryx  var.  cayuga. 

4.  Parodiceras  discoideum. 


1380  Dl  adds  FletJiospira  sodalis  and  an  unidentified  Loxonema. 
1380  El  adds  nothing:. 

1382  Dl  adds  Pterocha&nia  fragile  and  Ooniatites. 

1383  A4  adds  Chonetes  setigems. 
1383  A6  adds  the  following  species : 


A  small  Zaphrentis. 
Leiorhynchus  cf.  lanra. 
Amboooelia  umbonata. 


Coleolus  sp. 
Parodiceras  discoideum. 


1383  A8  adds  Palseoneilo  constricta  and  Coleolus  acicula. 
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None  of  these  species  are  abnormal  to  the  fauna.  The  association 
of  species  is  characteristic  of  the  Nunda  formation**  of  New  York,  but 
there  are  a  few  species  from  a  lower  horizon. 

In  the  Virginia  section  the  fauna  occupies  the  zone  of  coarse  shales 
succeeding  the  pure,  fine,  smooth  black  shales,  and  from  its  strati- 
graphic  position  represents  the  fauna  of  the  Nunda  formation  of  New 
York.    The  rocks  belong  to  the  Romney  and  Jennings  formations. 

The  sequence  of  sedimentation  is  regular,  and  there  is  a  gi-adual 
change  from  pure,  fine-grained  black  shale  up  to  coarser  and  more 
arenaceous  shale.  These  conditions  are  characteristic  of  the  Grainger 
shales  in  which  occur  the  Buchiola  speciasa  fauna. 

Except  for  the  greenish  shale,  15  feet  thick,  of  the  Covington  sec- 
tion, there  is  scarcely  a  trace  of  the  faunas  characteristic  of  the  richly 
fossiliferous  Onondaga  (Comiferous)  and  Hamilton  formations  of 
New  York,  and  it  is  evident  from  the  fauna  that  follows  that  its 
horizon  is  not  lower  than  the  Nunda  of  New  York.  Thei  greenish 
shale  (1382  B3)  underlying  the  black  shale  with  this  fauna  in  the  Cov- 
ington section  contains  a  distinct  fauna  which  is  as  follows: 


Faiunule  of  greenish  shale  at  Oovingtofif  Va. 

3.  Ambocoelia  umbonata. 

4.  Phacops  rana. 


1.  SchuEophoria  sp. 

2.  Atrypa  spinoea. 

These  species  are  indicative  of  a  fauna  ordinarily  lower  than  the 
Nunda  formation.^  But  the  association  of  species  alone,  with  the 
knowledge  we  now  have  of  the  range  of  the  species  of  the  Hamilton 
formation  of  New  York,  does  not  fix  the  age  of  this  faunule  with  pre- 
cision, since  it  is  known  to  recur  above  the  Ithaca  fauna,  and  after 
species  characteristic  of  the  Chemung  have  appeared.  Thus  the  f  aunal 
analysis  indicates,  not  a  regular  succession  of  diverse  faunas,  but  an 
interrupted  succession  of  several  faunas,  each  of  which  is  recognized 
in  the  normal  New  York  series,  but  the  observed  order  of  which  does 
not  strictly  correspond  with  that  characteristic  of  the  standard  New 
York  sections. 

It  becomes  necessary  then  to  suppose  interruption  and  replacement 
of  faunas  and  a  recurrence  of  early  faunas  at  horizons  above  their 
(supposed)  normal  positions.  This  state  of  things  has  been  elaborated 
in  the  study  of  the  New  York  Devonian,  but  the  detailed  facts  regard- 
ing these  middle  and  southern  Appalachian  faunas  is  not  sufficiently 
well  known  to  make  an  exact  correlation  with  the  former  possible  at 
the  present  time. 

a  See  footnote  on  p.  86. 
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THK   UPPEB  IJEVONIAN   FAUNA8   OF  THJK  MIDDLE 

APPAIiACHIANS. 

By  H.  8.  Williams. 

In  order  to  exhibit  the  relation  of  the  Upper  Devonian  faunas  in  this 
region  to  what  goes  before,  it  is  sufficient  to  begin  with  the  typical 
black  shales  and  to  consider  in  connection  with  them  the  faunules  up 
to  the  first  appearance  of  Carboniferous  forms. 

In  the  accompanying  chait,  representing  the  range  of  the  species  of 
the  upper  Devonian  faunas  for  the  Virginia  and  West  Virginia  region, 
the  fauna  of  the  black  shale  is  tabulated  in  biological  order  with  the 
species  which  follow  it,  so  as  to  exhibit  the  changes  in  the  bionic  rela- 
tions of  the  successive  faunas  and  their  replacement  by  new  species 
of  each  of  the  genera  which  pass  upward. 

DISCUSSION  OP  THE  CHART. 

In  the  chart  heavy  lines  separate  the  several  continuous  sections, 
which  are  repi*esented  by  the  numbers  at  the  top.  The  local  section 
is  indicated  by  a  capital  letter;  the  particular  zone  of  the  section  in 
which  the  faunule  occurs  is  shown  by  the  figure  following  the  capital 
letter. 

The  bionic  value  of  the  species  recorded  for  each  faunule  is  indi- 
cated by  the  letters  used  in  marking  its  presence,  viz,  r=rare,  a= 
abundant,  c= common,  and  o  indicates  that  a  representative  of  the 
genus  occurs,  the  specific  relation  of  which  is  indeterminate  from  the 
specimens  in  hand.  The  species  are  grouped  so  as  to  express  their 
biological  affinities,  except  under  each  genus  the  species  are  recorded 
in  alphabetical  order.  The  known  range  value  of  the  species  is  indi- 
cated by  the  capital  letters  in  the  column  at  the  extreme  right.  0= 
Onondaga,  M=Marcellus,  11= Hamilton,  G= Genesee,  N=Nunda,^ 
I=Ithaca,  C=Chemung,  W=Waverly. 

The  chart  shows  the  faunal  combinations  and  vertical  range  of 
species,  as  far  as  they  can  be  determined  from  the  collections  at  hand. 
These  data  are  still  too  imperfect  to  serve  as  a  basis  for  a  conclusive 
judgment  concerning  the  local  peculiarities  of  the  range  and  distribu- 
tion of  the  species,  but  they  suggest  points  toward  which  future  inves- 
tigation may  be  directed. 

In  all  the  sections  studied  the  fauna  of  the  Hamilton  formation  of 
New  York  is  conspicuous  for  its  meagerness  or  total  absence.  In  the 
more  southern  sections  the  fauna  of  the  New  York  Chemung  is  like- 
wise scant  or  absent. 

Some,  if  not  all,  of  the  species  from  the  Hamilton  fauna  recur 
above  the  Hamilton  formation  in  the  typical  New  York  sections. 

a  See  footnote  on  p.  86w 
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Other  Hamilton  species  appear  as  low  as  the  Marcellus;  and,  as  has 
already  l>een  stated,  there  is  evidence  of  a  common  fauna  tying 
together  the  Genesee  and  Marcellus,  thus  suggesting  a  separation  of 
the  typical  Tropidoleptvs  fauna  of  the  Hamilton  from  the  Buchiola 
apecioaa  fauna  already  mentioned.  The  Buchidl<i  speciosa  fauna  is 
seen  in  greater  purity  and  with  a  fuller  list  of  species  in  the  southern 
sections,  where  the  black  shale  sediments  dominate  the  column  for  a 
greater  vertical  extent  than  at  the  north. 

More  facts  are  needed  to  fully  differentiate  these  two  faunas,  but 
the  dissections  already  made  strongly  suggest  the  probability  that  the 
faunas  were  contemporaneous  over  a  great  portion  of  their  life  history, 
and  that  the  conditions  of  the  sea  bottom  determined  their  geograph- 
ical distribution  as  well  as  the  particular  zones  in  the  stratigraphical 
column  in  which  the  one  or  the  other  appears. 

The  Buchiola  fauna  prevails  wherever  the  Devonian  black  shale 
sedimentation  was  dominant,  while  the  Tropidoleptus  fauna  exhibits  its 
fullest  development  in  the  sediment  composed  of  a  fine-grained  argilla- 
ceous mud,  often  more  or  less  calcareous  and  typically  rather  light 
colored.  A  similar  intercalation  of  two  faunas  is  observed  where  the 
Trenton  and  Utica  formations  meet. 

In  the  Virginia  area  under  consideration  the  Buchiola  fauna  ranges 
above  as  well  as  below  the  Spirifer  disjurt'Ctiis  zone.  In  New  York 
SpiHfer  disjuncttis  is  generally  regarded  as  strictly  indicative  of  the 
higher  part  of  the  upper  Devonian,  but  it  is  not  restricted  to  this 
horizon  in  Iowa,  Nevada,  and  Arizona  if  the  morphological  aflinity  of 
Spirifer  whitneyi  and  S.  disjunctus  is  recognized,  as  is  necessary 
when  an  attempt  is  made  to  correlate  American  with  European  faunas. 
Nevertheless  the  lower  limit  of  the  Chemung  may  be  well  distinguished 
in  eastern  North  America  by  the  first  appearance  there  of  S/nrffer 
di^mictvs  and  its  normally  associated  fauna. 

The  significance,  therefore,  of  the  prevalence  in  the  region  under 
investigation  of  the  Buchiola  fauna  up  to  the  first  appearance  of 
Spirifer  disjunctus  is  found  in  the  inference  that  not  only  the  Tropi- 
doleptus  fauna  is  there  deficient,  but  that  there  is  no  distinct  evi- 
dence of  its  immediate  homeotopic  successor,  the  fauna  of  the  Ithaca 
member  of  New  York. 


WILLIAMS 
KINDLE 
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lilST  OF  DLAGN08TIC  CHEMUNG  SPECIES. 

By  H.  S.  Williams. 

In  the  list  below  are  given  the  species  appearing  in  this  southern 
extension  of  the  fauna,  which  in  New  York  are  diagnostic  of  the  Che- 
mung formation  and  inunediately  follow  the  Nunda  (Portage)  for- 
mation: *» 

lAd  of  Chemung  speciei. 


9.  Delthyris  mefiicostalis. 

10.  Sphenotus  contractus. 

11.  Edmondia,  several  species. 

12.  Macrodon  chemungensis. 

13.  Leptodesma  lichas,  and  several  other 

species. 

14.  Mytilarca  chemungensis. 

15.  Pterinea  (Vertumnia)  reversa. 


1.  Stropheodonta  (Douvillina)  mucrona- 

ta.^ 

2.  Strophonella  cselata. 

3.  Productella  hirsuta. 

4.  P.  lachrymosa. 

5.  P.  stigmata. 

6.  Dalmanella  tioga. 

7.  Atrypa  hystrix. 
S.  Spirifer  disjunctus. 

The  significant  feature  of  the  list  is  the  absence  of  SPropheodonta 
{Leptostrophia)  interatrialis  Vanuxem,  which  is  represented  in  the 
Ithaca  faunas  of  New  York;  of  Spvrifer pemiatvs  var.  postervs^  also 
an  Ithaca  species,  and  of  the  Prod/uctella  which  has  generally  been 
recorded  as  P.  apeciosa^^  and  was  described  from  the  Chemung  of 
western  New  York.  This  form  is,  however,  frequent  in  the  Ithaca 
formation,  and  the  characters  which  have  served  to  distinguish  it  from 
the  form  coming  later  in  the  Chemung,  i.  e.,  P.  Ictchrymoaa^  are  as 
follows:  ^ 

Umbo  [is]  much  elevated  above  the  hinge  line,  with  the  apex  closely  incurved, 
regularly  arcuate  from  beak  to  base,  and  more  rapidly  curving  to  the  sides;  abruptly 
depressed  on  the  sides  of  the  imibo,  and  concave  between  it  and  the  narrow,  short 
gujg  c  ♦  *  ♦  The  species  resembles  some  of  the  forms  of  P.  lachrymoiay  but  the 
spiniferous  tubercles  are  smaller,  more  closely  arranged,  and  more  numerous,  while 
the  umbo  of  the  ventral  valve  is  narrower  and  somewhat  abruptly  alternate. « 

Figures  2,  4,  6,  and  8  of  PL  XXV  of  the  report  above  cited  well 
express  these  features.  The  forms  of  the  Chemung  which  have  like 
surface  markings  are  found  to  resemble  more  closely  the  figured  speci- 
mens of  P.  hirsuta.  Great  variation  is  expressed  in  even  a  small  col- 
lection of  specimens  from  either  horizon,  and,  while  it  is  impossible  to 
distinguish  absolutely  the  earlier  from  the  later  forms,  the  characters 
above  referred  to  are  found  in  practice  to  be  of  considerable  diagnos- 
tic value. 

The  range  of  Dalmandla  tioga  ("  Schizophoria  tioga^^)  is  given  in 
Mr.  Schuchert's  list  as  "  Portage  and  Chemung"  (Dev.)."-^  After  con- 
siderable study  of  the  range  values  of  the  Devonian  species,  the  writer 

a  See  footnote,  p.  86.  d  ibid.,  page  176. 

bSee  note,  p.  85.  e  Ibid.,  page  176. 

e  See  Pal.  N.  Y.,  IV,  1867,  p.  176,  pi.  26,  figs.  1-11.     /  Bull.  U.  S.  Geol.  Surrey  No.  87,  p.  876.    See  p.  86. 
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has  come  to  the  conclusion  that  this  species  does  not  occur  in  the  New 
York  sections  until  the  Chemung  fauna  enters  that  province,  thus  mark- 
ing the  transition  between  the  Nunda  (Portage)  formation  ^  and  the 
Chemung.  This  conclusion,  which  is  founded  on  evidence  furnished 
by  numerous  sections  exhibiting  continuous  strata  across  the  transi- 
tion, causes  the  Erie  shale  of  Leroy,  Ohio,  to  be  assigned  to  a  horizon 
as  high  as  the  Chemung  of  New  York,  rather  than  in  the  Nunda 
(Portage).  No  trace  of  this  species  has  been  reported,  so  far  as  the 
writer  is  aware,  from  the  Ithaca  member  or  any  equivalent  horizon. 
Hence  the  species  may  be  regarded  as  diagnostic  of  the  Chemung 
formation,  and  not  of  the  Nunda  (Portage). 

Ddthyris  niesicastcUis  is  quoted  by  Schuchert  as  appearing  in ''  Ithaca 
and  Chemung  (Dev.)."*  If  it  be  assumed  that  Spiri/er  pennatns 
Conrad  \b,t.  posterns,  H.  &  C.^  and  Ddthyris  mesioastalis  HalH  are 
generically  distinct  they  may  be  distinguished  by  the  absence  or  very 
rudimentary  condition  of  the  median  septum  in  the  ventral  valve  of 
Spirifer  pennutus  var.  posterus  and  its  distinct  development  in 
Ddthyris  mesioastalis.  If  this  is  used  as  a  distinguishing  feature  for 
specimens  which  are  very  similar  in  most  other  characters,  it  has  been 
ascertained  by  the  writer  and  those  associated  with  him  in  Devonian 
studies  that  the  specimens  occurring  at  the  horizon  called  the  Ithaca 
member  in  central  New  York,  and  in  all  other  regions  where  it  is  dis- 
tinctly traced,  belong  to  the  form  described  as  Spirifer  pennatus 
var.  posterus^  and  that  specimens  with  a  distinct  septum  do  not  appear 
in  the  sections  until  the  incoming  of  the  Chemung  fauna  above  the 
Nunda  (Portage)  formation.  Hence  the  species  described  as  Ddthyris 
mesicostalis  Hall  should  be  quoted  as  a  diagnostic  Chemung  species, 
and  as  not  occurring  in  the  Ithaca  member.^ 

a  See  footnote,  p.  86.  d  Geol.  New  York,  Rept  Fourth  Diit,  1843,  p.  2G9. 

h  Bull.  U.  8.  Oeol.  Survey  No.  87,  p.  207.  eSee  further  notes  on  pp.  75,  76, 106. 

cPal.  New  York,  VoL  VIII,  Pt  II,  p.  361. 
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PREFACE. 

By  H.  S.  Williams. 

The  sections  discussed  in  the  following  pages  were  chosen  for  the 
purpose  of  extending  the  detailed  knowledge  of  the  faunas  of  the 
Devonian  in  a  southeasterly  direction  across  the  beds  from  central 
New  York,  where  the  writer  had  already  accumulated  considerable 
evidence  of  their  order  and  composition,  to  central  Pennsylvania. 

The  facts  already  known  suggested  the  probability  that  in  Devonian 
time  a  shore  line  to  the  southeast  limited  the  basin  in  which  the  sedi- 
ments accumulated  and  the  forms  lived;  they  also  led  to  the  expecta- 
tion that  there  would  be  a  modification  of  the  faunas  to  some  degree, 
according  to  their  distance  from  the  shore  line. 

While  the  writer  planned  and  directed  the  investigations,  Doctor 
Kindle  examined  the  sections  and  collected  and  identified  the  fossils. 
In  the  interpretation  of  the  facts  we  have  worked  together  and  have 
reached  the  same  conclusions.  To  the  discussion,  however,  we  have 
each  contributed.  The  preparation  of  charts  and  faunal  lists  and 
method  of  treatment  has  been,  in  general,  under  the  direction  of  the 
senior  author,  but  the  junior  author  has  contributed  many  valuable 
suggestions  and  has  done  the  most  valuable  part  of  the  work — the 
gathering  and  elaboration  of  the  facts  themselves. 

The  following  sections  have  been  examined,  and  the  order  of  succes- 
sion and  composition  of  the  temporary  f  aunules  analyzed  and  reported 
for  each: 

The  Oataimssa  He<itlon^  East  Bloomsburg,  Columbia  County,  Pa., 
about  76^  Zff  west  longitude,  and  a  little  south  of  41'^  north  latitude. 
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The  Hollowing  Run  mecthfi^  lower  Augusta  Township,  North- 
umberland County  Pa.,  about  at  intersection  of  ?♦) '  50'  and  40"^  45'. 

The  Leroy  section^  composed  of  four  shorter  sections  at  Gulf  Brook, 
near  Leroy,  Bradford  County,  Pa.,  Granville  Center  at  South  Moun- 
tain, the  opposite  side  of  the  Towanda  Creek  from  Leroy ,  and  Towanda 
Narrows,  about  6  miles  east  of  Leroy.  The  general  position  of  the 
section  is  near  the  intersection  of  76°  45'  W.  and  41°  45'  N. 

The  Tioga  section^  along  Tioga  River,  near  village  of  Tioga,  Tioga 
County,  Pa.,  near  the  intersection  of  77°  10'  W.  and  41°  50'  N. 

The  Mansfield  ore  bed  section^  about  8  miles  south  of  Mansfield, 
Tioga  County,  Pa. 

The  Canoe  Camp  section^  several  miles  still  farther  south  on  east  side 
of  Tioga  River. 

The  Armenia  Mountain  section,  two  miles  west  of  Troy,  in  Bradford 
County,  Pa. 

The  last  four  sections  belong  together,  though  their  actual  con- 
tinuity is  not  established  by  continuous  sections.  The  system  of 
recording  and  designating  the  faunules  and  their  bionic  values  here 
adopted  is  the  same  as  that  employed  and  more  elaborately  defined  in 
Bulletin  United  States  Geological  Survey,  No.  210,  ''The  Correlation 
of  Geological  Faunas.'^ 

INTRODUCTION. 

By  E.  M.  Kindle. 

The  two  methods  of  correlation  of  stratified  rocks  which  are  in  use 
are  based  upon  the  comparison  and  similarity  of  faunas  and  of  rock 
sections.  In  their  application  one  or  the  other  of  these  methods  is 
generally  employed  to  the  partial  or  entire  neglect  of  the  other.  The 
paleontologist  and  the  geologist  have  usually  not  the  time  or  the 
inclination  to  make  a  minute  study,  respectively,  of  all  the  faunules 
or  beds  of  a  section.  The  two  methods  are  supplementary,  and 
neither  can  yield  its  best  service  in  correlation  when  used  independ> 
entlj'  of  the  other. 

The  ideal  section  from  the  standpoint  of  both  correlation  and  faunal 
geology  should  show  the  thickness  and  character  of  the  rocks  and  the 
lists  of  the  species  at  each  locality.  The  close  relationship  of  the  bio- 
logical and  the  physical  elements  of  the  section  are  expressed  in  the 
accompanying  sections.  Both  the  paleontological  and  the  stratigraph- 
ical  data  have  been  combined  in  the  same  section.  The  relation  of  the 
several  elements  of  the  faunas  or  the  species  to  the'section  is  indicated 
by  the  range  and  comparative  a})undance  of  each  species. 

The  comparison  of  faunas  can  not  give  the  most  satisfactory  results 
for  purposes  of  correlation  until  the  history  of  the  faunas  compared  is 
fairly  well  known.    Changing  conditions  of  environment  constantly 


^''iiN^E^^'']  CATAWIS8A   8E0TION.  67 

affect  the  distribution  of  the  species  of  a  fauna.  The  succession  of 
advantageous  and  adverse  (conditions  of  life  at  a  given  locality  leads  to 
the  f  reijuent  shifting  of  i>osition  of  some  of  the  individuals  of  a  fauna, 
and  sometimes  to  the  migration  of  the  entire  fauna.  The  overlap  of 
faunas,  the  change  in  the  composition  of  faunas  at  different  horizons, 
and  the  modification  of  species  in  ascending  can  be  studied  in  a  satis- 
factory manner  only  in  connection  with  the  rock  sections  in  which 
these  changes  are  recorded.  It  is  believed  that  the  present  method  of 
presenting  paleontological  and  stratigraphical  data  in  faunal  cross 
sections  will  throw  much  light  on  such  problems  and  be  most  effective 
in  working  out  the  life  history  of  faunas. 

The  accompanying  sections  are  intended  primarily  as  a  contribution 
to  our  knowledge  of  the  geographical  distribution  and  geological 
range  of  Devonian  fossil  faunas,  and  as  an  aid  in  the  correlation  of  the 
upper  Devonian  formations  of  Pennsylvania  and  New  York. 

THE  CATAW188A  8ECTIOX,  COMTMBIA  COUNTY,  PA. 

DESCRIPTION  OF  SECTION. 
By  £.  M.  Kindle. 

Susquehanna  River  cuts  across  the  strike  of  the  southward-dipping 
beds  of  the  Montour  anticline  between  the  town  of  Catawissa  and  E^t 
Bloomsburg  station,  exposing  in  a  continuous  section  the  beds  of  the 
Devonian  from  the  Hamilton  foi*mation  up  to  the  lowest  '^  red  beds." 
The  work  of  the  river  in  exposing  the  strata,  which  dip  southward  at 
an  angle  of  36°  to  45°,  has  been  supplemented  by  the  construction  of 
the  Pennsylvania  Railroad  along  its  east  bank,  and  the  resulting  sec- 
tion is  probably  not  surpassed,  if  equaled,  by  any  other  in  Pennsyl- 
vania in  the  opportunity  which  it  affords  for  the  study  of  upper 
Devonian  faunas. 

The  lithological  characteristics  of  the  several  beds  are  shown  in  the 
accompanying  detailed  section,  which  is  followed  b}'  lists  of  the  fossils 
obtained  from  each  fossiliferous  zone. 

Section  145S  A,  at  Catawissa,  Pa,<^ 

Ft.  In. 

72.     (1)  Red  Bhales,  dip  S.  10  E.  SO^-SS** 60  0 

71.     (2)  Sandstone,  greenish,  massive,  visible 10  0 

70.     (3)  Ck)ncealed 110  0 

69.  (4)  Greenish-gray  sandstones,  some  shaly  and  also  some  reddish-brown 

sandstones 200  0 

68.     (5)  Sandstone,  gray,  massive 10  0 

67.     (6)  Red  shale,  sandy 100  0 

»  Numbers  in  parentheses  refer  to  corresponding  diyisions  of  White's  section,  Second  Pennsylyania 
Ueol.  Survey,  Kept.  O  7,  p.  286. 
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66. 
65. 
64. 
63. 
62. 
61. 
60. 
59. 
67. 
66. 
55. 
54. 
63. 
62. 
51. 
60. 
49. 
48. 
47. 
46. 
45. 
44. 
430 
42. 
41. 
40. 
39. 
38. 
37. 
36. 
35. 
34. 
33. 
32. 
31. 
30. 

29. 
28. 
27. 
26. 
25. 
24. 
23. 
22. 
21. 
20. 
19. 
18. 
17. 


Sandstone,  green,  flaggy 

Shales,  red,  sandy 

Sandstone,  green 

Red  shales,  sandy 

Green  sandstone , 

Red  shales 

Greenish  sandstone 

Sandstone,  green,  current-bedded , 

Red  shales 

Sandstone,  greenish-gray,  massive 

Concealed  with  red  and  green  bands,  occasionally  seen. 

Sandstone,  maeaive,  greenish-gray 

Red  shales , 

Sandstone,  maasive,  greenish-gray 

Concealed 

Brecciated  limestone  with  fish  remains 

Olive  shales,  sandy  at  top 

Red  shale , 

Concealed  mostly,  dip  35'' to  40*»  8.  10*»  E 

Olive  shales 

Concealed •. 

Olive  shales 

Red  shales 


(7 
(8 

(9 
10 

11 

12 

13 

14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31-34,  35?  &  367)  Olive-gray  shales  and  sandstone,  mostly  covered 

37)  Sandy,  olive-green  shales 

37)  Fossiliferous  band 

37  in  part)  Hard,  greenish-olive,  sandy  shale 

Beds  as  above 

Hard,  olive-gray,  sandy  shale,  with  fossils  common 

Hard,  olive-gray,  sandy  shale 

Greenish-gray,  fossiliferous  shale 

Hard,  sandy,  greenish-gray  shales 

Greenish-gray,  sandy  shale,  fossiliferous  at  top 

Hard,  olive-gray,  sandy  beds 

Olive-gray,  sandy  beds,  with  fossils 

(41-44  in  part)  Olive-gray,  hard,  sandy  beds,  with  occasional  beds  of 

crinoid  stems 

(45?)  Hard,  olive-gray,  sandy  beds,  weathering  to  rusty  brown 

Bluish-gray,  sandy  beds,  with  two  bands  of  laige  concretions 

Dark  bluish-gray,  hard,  sandy  beds 

Fossiliferous  sandy  beds 

Bluish-gray  sandy  beds 

Fossiliferous  band 

Bluish-gray,  hard,  sandy  shale 

Hard,  bluish-gray  sandy  beds,  with  large  concretions,  fossiliferous  at  top. 

Calcareous,  fossiliferous  bed 

Hard,  sandy,  olive-gray  beds,  with  lai^  concretions  near  top 

Bed  of  Spirifer  pennatus  var.  posterus 

Olive-gray  sandy  beds 

Calcareous  bed  of  fossils 


Ft.   In. 

40  0 

30  0 

10  0 

60  0 

15  0 

55  0 

10  0 

10  0 

90  0 

25  0 

120  0 

15  0 

175  0 

50  0 

70  0 

5  0 

40  0 

12  0 

550  0 

175  0 

275  0 

90  0 

10  0 

225  0 

15  0 

0  6 

30  0 

4  0 
60  0 
30  0 

2  0 
75  0 
25  0 
95  0 

5  0 

185  0 

100  0 

15  0 

63  6 

3  6 
18  0 

0  6 

20  0 

18  3 

0  6 

60  0 

0  3 
35  0 

1  0 


aThe  section  above  48  ia  given  as  published  by  I.  C.  White,  Second  Pennsylvania  Geol.  Survey, 
Rept.  O  7,  p.  286. 
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Ft.  In. 

16.  Olive-gray  sandy  be<l8 25  0 

15.  (67?)  Dark  olive-gray  sandy  beds,  with  two  highly  fossiliferous  bands. ..  80  0 

14.  (68)  Hard,  dark  bluish-olive  sandy  beds 70  0 

13.  (68  in  part)  Hard,  dark  bluish-olive  sandy  l)ed8,  fossils  common 25  0 

12.  (69)  Beds  as  above,  nearly  barren  of  fossils 91  0 

11.  (69)  Beds  as  above,  fossiliferous  band  at  top 54  0 

10.  (69)  Beds  as  above  with  fossiliferous  band  at  top,  apparently  barren 

elsewhere 75  0 

9.  (69  in  part)  Hard,  sandy,  olive-gray  beds,  with  3  to  4  inch  band  of  fossils 

at  top 80  0 

8.  (70)  Olive-gray  sandy  beds,  breaking  with  splintery  fracture 60  0 

7.  (71 )  Dark  olive-brown  sandy  beds 20  0 

6.  (72)  Olive-brown  and  bluish,  hard,  sandy  beds  (fossils  near  base) 175  0 

5.  (73)  Dark  blue,  shaly,  sandy  beds 25  0 

4.  (74)  Bluish-black  fissile  shale 225  0 

3.  (75)  Hard,  bluish-gray  calcareous  shale,  weathering  buff  or  ash-gray 25  0 

2.  (76  and  75  in  part)  Mostly  covered 25  0 

1.  (76  upper  part)  Hard,  sandy,  dark  bluish-drab  shales 25  0 


FAUNULES  OF  THE  CATAWISSA  SECTION. 

By  E.  M.  Kindle. 

Zone  1  of  Catawissa  section  {H53  A). — The  lowest  beds  of  the  sec- 
tion outcrop  in  the  bed  and  bank  of  the  river  at  East  Bloomsburg. 
They  contain  the  following  species: 

Faunule  of  zone  1  of  Catannssa  section  {1463  A), 
[a,  abunbant:  c,  common;  r,  rare.] 


1.  Pleurodictyum  problematicum  (r). 

2.  Stropheodonta  (Douvillina)  iniequis- 

triata  (r). 

3.  Pholidostrophia  iowensis  (r). 

4.  Chonetes  coronatus  (c). 

5.  Rhipidomella  vanuxemi  (c). 


9.  S.  medialis  (8.  audaculus)  (c). 

10.  S.  pennatus  (a). 

11.  Meristella  cf.  nasuta  (r). 

1 2.  PalaBoneilo  emaiiginata  ( r ) . 

13.  P.  plana  (r). 

14.  Actinopteriadecussata  (r). 


6.  Leiorhynchus  mesicostale  (r).  i  15.  Aviculopecten  sp.  (r). 


7.  Tropidoleptus  carinatus  (largest  speci- 

mens nine-tenths  of  an  inch  wide) 
(a). 

8.  Spirifer  granulosus  (specimens  large, 

and  typical  of  the  species)  (a). 


16.  Modiomorpha  cf.  concentrica  (r). 

17.  Cypricardella  bellistriata  (r). 

18.  Cyclonema  hamiltonia;  (c). 


The  species  composing  this  faunule  are  all  characteristic  Hamilton 
forms.  This  lowest  zone  of  the  section  corresponds  most  closely,  both 
in  its  fossils  and  lithology,  with  the  typical  Hamilton  formation  of 
New  York  State. 

Zone  3  of  Catawissa  section  {14S3  A). — The  beds  of  this  zone,  follow- 
ing those  of  zone  2  which  are  mostly  covered,  are  well  exposed  along 
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the  railroad  on  each  side  of  the  small  ravine  at  Eant  Bloomsburg,  and 
contain  the  following  faiinule: 

Faunule  of  zone  3  of  CatanrUga.  section  (14SS  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Zaphrentis  cf.  simplex  (r). 

2.  Cystodictya  cf.  bifuroata  (r). 
4.  Fenestella  sp.  (c). 

4.  Stropheodonta  ep.  (r). 

5.  Dalmanella  tenuilineata  (r). 

6.  Atrypaaspera  (c). 

7.  Ambocoelia  umbonata  (a). 


8.  Platyceras  sp.  (r). 

9.  StyliolafiflBurella  (a). 

10.  Tentacnlites  spiculus  (c). 

1 1 .  Phacops  rana  ( c) . 

12.  Balmanites  boothi  (r). 

13.  D.  cf.  anchiope  (r). 


The  rock  containing  these  fossils  contains  only  a  small  amount  of 
lime  and  is  perhaps  equally  well  described  either  as  a  calcareous  shale 
or  as  a  very  impure  argillaceous  limestone. 

This  bed  has  been  called  the  Tully  limestone  by  the  Pennsylvania 
survey."  As  it  lies  between  typical  Hamilton  and  Genesee  beds,  it 
unquestionably  occupies  the  stratigraphical  position  of  the  Tully  lime- 
stone of  New  York,  but  all  of  the  fossils  are  Hamilton  species,  not  one 
of  the  characteristic  Tully  forms  appearing.  This  is  doubtless  to  be 
explained  by  the  fact  that  in  physical  characters  this  bed  resembles 
the  preceding  Hamilton  beds  as  much  as  or  more  than  it  resembles  the 
Tully  limestone  of  New  York.  The  somewhat  limey  character  of  this 
bed  indicates  an  approach  toward  the  conditions  of  sedimentation  i)re- 
vailing  in  the  typical  Tully  limestone  area  at  the  close  of  the  Hamil- 
ton epoch,  but  the  change  from  the  Hamilton  shale  type  of  sediments 
was  not  suflBciently  complete  to  induce  the  migration  of  the  Tully 
fauna  into  the  region,  nor  to  drive  out  the  Hamilton  fauna,  so  that 
the  latter  continued  to  exist  in  a  modified  form.  Although  the  fauna 
in  this  zone  is  a  Hamilton  fauna,  the  changed  conditions  of  a  later  time 
interval  are  registered  by  the  elimination  of  such  characteristic  Ham- 
ilton types  as  Spirifer  gr'anulosus  and  Spirifer peivfiatus^  which  were 
among  the  most  abundant  in  the  preceding  zone. 

While  this  zone  does  not  contain  the  Tully  fauna,  the  modified 
character  of  the  Hamilton  fauna  which  takes  its  place,  together  with  its 
stratigraphical  position  between  typical  Genesee  shales  and  Hamilton 
beds,  justify  the  correlation  of  the  Pennsylvania  survey. 

Prosser  has  shown  that  in  eastern  New  York,  where  the  Tully  lime- 
stone is  absent,  its  horizon  is  indicated  at  one  locality  by  the  presence 
of  Hypothyris  cvhoides  associated  with  Spirifer  pennatus.^  In  the 
same  region  Clarke  has  shown  that  where  the  Tully  and  Genesee 
are  absent  ^^the  Hamilton  fauna  has  perpetuated  itself  without  inter- 
ruption."^ 

a  Second  Pennsylvania  Geol.  Survey  Rept.  G  7,  pp.  282, 288, 287;  Final  Rept.,  vol.  2,  p.lS19. 
Milfteenth  Ann.  Rept.  State  Geol.,  New  York,  p.  186. 
« Thirteenth  Ann.  Rept.  State  Geol.,  New  York,  p.  654. 
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Zf^ne  4  of  Catatoissa  section  {H53  A), — ^Careful  search  has  failed  to 
discover  any  fossils  in  the  black  shales  of  this  zone.  The  physical 
appearance  of  the  beds  is  identical  with  that  of  the  Genesee  shale,  and 
no  doubt  a  Genesee  fauna  will  eventually  be  found  in  this  region  at 
this  horizon. 

Zone  6  of  Catawissa  section  {1463  A). — The  dark-bluish  shaly  beds, 
which  form  a  transition  from  the  fissile  shales  of  zone  4  to  the  hard 
sandy  beds  of  zone  6,  appear,  like  the  former  zone,  to  be  barren. 

Zone  6  of  Catmoissa  section  {H53  A). — Near  the  base  of  175  feet  of 
hard,  olive-brown,  sandy  beds  the  following  faunule  appears: 

Fcmmde  of  zone  6  of  Catawissa  section  (146S  A), 


[c,  common;  r,  rare.] 


1.  Plant  remains  (r). 

2.  Lingulaep.  (r). 

3.  Chonetes  lepidus  (c). 

4.  Elymella  fabialis  (r). 

5.  Buchiola  specioea  (r). 


6.  Naculites  cf.  triqueter  (r). 

7.  N.  sp.  (c). 

8.  Pterochsenia  fragile  (c) . 

9.  Lunulicardium  curium  (r). 


In  this  assemblage  of  species  we  have  the  first  appearance  of  the 
Buchiola  speciosa  (Nunda)  fauna  in  the  section,  suggesting  the  early 
stage  of  sedim'entation  of  the  Nunda  (Portage)  formation.^ 

Zone  7  of  Cataimssa  section  {14S3  A). — ^This  zone  is  the  equivalent  of 
No.  71  of  White's  section,  and  contains  the  following  species: 

Faunule  of  zone  7  of  Catavnssa  section  (145S  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Aulopora  sp.  (a). 

2.  Schizophoriastriatula  (r). 

3.  Cyrtina  hamiltonensis  (r). 

4.  Spirifer  pennatus  va/.  posterns  (a). 

5.  Nucula  bellistriata  (r). 

6.  N.  sp.  (c). 


7.  Nuculites  cf.  triqueter  (c). 

8.  Actinopteria  sp.  (c). 

9.  Leda  di versa  (c). 

10.  Pleurotomaria  sp.  nov.  (c). 

11.  Macrochilina  cf.  hamil teniae  (r). 


The  earliest  appearance  for  this  section  of  Spirifer  pennatus  var. 
posterns  is  in  this  faunule. 

Zone  8  of  Catawissa  section  {1463  A). — ^Fossils  are  scarce  and  difficult 
to  collect  at  this  horizon.     The  collection  shows  the  following: 

Faunule  of  zone  8  of  Catatvissa  section  {146S  A ). 


[c,  common;  r,  rare.] 


1.  Crinoid  stems  (r). 

2.  Leiorhynchns  mesicostale  (c). 

3.  Nuculites  sp.  (r). 


4.  Palaeoneilo  emarginata  (r). 
6.  P.  sp.  (r). 
6.  Leda  sp.  (r). 


One  or  two  individuals  of  Leiorhynchus  mesicostale  have  the  plica- 
tions limited  to  four  on  the  fold,  and  resemble  Z.  globuLiforme. 


a  See  footnote,  p.  86. 
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Zone  9  of  Catamissa  section  {H53  A). — The  faunule  of  this  zone 
is  from  a  3-  to  4-inch  band  of  fossils,  separated  from  the  preceding 
zone  by  80  feet  of  nearly  barren  beds.  This  zone  contains  the  follow- 
ing species: 

Faumde  of  zone  9  of  Catawma  Kction  (14SS  A ). 
[a.  abundant;  c,  common;  r,  rare.] 
1.  Cystodictya  meeki  (a).  5.  P.  cf.  filoea  (r). 


2.  Leiorhynchus  mesicostale  (c). 

3.  Spirifer  pennatus  var.  posterus  (c). 

4.  Palseoneilo  emarginata  (r). 


6.  Leda  di versa  (r). 

7.  Leiopteria  cf.  bigsbyi  (r). 

8.  Actinopteria  cf.  perstrialis  (c). 


Three  or  four  fragments  of  a  small  Spirifer^  probably  representing 
Sp.  pennatus  var.  posterus^  occur  in  this  faunule. 

2^is  10  of  CatawUsa  section  {IJfSS  A). — At  the  top  of  75  feet  of  bar- 
ren beds,  following  zone  9,  a  thin  f ossilif erous  zone  bears  the  following 
faunule: 

Faunule  of  zone  10  of  CcUawiasa  section  {1463  A), 
[a,  abundant;  e,  common;  r,  rare.] 


1.  Crinoid  stems  (c). 

2.  Cyrtina  hamiltonensis  (a). 

3.  Spirifer  pennatus  var.  posterns  (c). 

4.  Nuculasp.  (r). 

5.  Bellerophon  sp.  (c). 


6.  Cydonenia  inultilira  (c).     (The  speci- 

mens are  much  larger  than  Uiose 
figured  by  Hall,  but  agree  with  them 
in  other  respects. ) 

7.  Orthoceras  cf.  fulgidum  (r). 


The  association  of  the  recurrent  Hamilton  forms,  Cyrtina  hamiltofi' 
eiisis  and  Sp.pennatus  var.  posterm^  as  dominant  forms  in  this  and  other 
faunules  of  this  section,  is  paralleled  by  the  association  of  the  same 
species  in  the  Ithaca  fauna  of  the  Ithaca  section.  Above  this  zone, 
which  is  435  feet  above  the  Genesee  shale  of  this  section,  Sp.  pen- 
natus var.  posterus  appears  in  most  of  the  faunules  up  to  the  top  of 
the  section.  This  variety  first  appears  as  a  common  form  in  the  Ithaca 
section  380  feet  above  the  Genesee  shale  of  that  section,  and  is  known 
by  the  writer  to  continue  through  at  least  260  feet  of  the  Ithaca  beds. 

Z&iis  11  of  Catawima  section  {llfiS  A). — ^Following  the  preceding 
zone  are  54  feet  of  barren  or  nearly  barren  beds,  at  the  top  of  which 
occurs  the  following  faunule: 

FaunuU  of  zone  11  of  Catattnssa  section  {145S  A). 
[a,  abundant;  (\  common;  r,  rare] 


1.  Cystodictya  meeki  (a). 

2.  Cyrtina  hamiltonensis  (r). 

3.  Spirifer  pennatus  var.  posterus  (r). 

4.  Reticularia  lie  vis  (r). 

5.  Sanguinolites  (?)  sp.  (r). 


6.  Nuculasp.  (r). 

7.  Palfeoneilo  plana  (c). 

8.  Leda  diversa  (r). 

9.  Actinopteria  perstrialis  (a). 
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Tliis  fauniilc  is  of  special  interest  because  of  the  presence  of 
lieticidaria  li^mifi^  which  hitherto  has  not  l)cen  recognized  outside 
of  a  limited  area  in  central  New  York. 

Z(me  12  of  Catawlima  nection  {1453  A).  Ninety-one  feet  of  nearly 
barren  olive-gray  sandy  beds  comprise  this  zone.  No  fossils  were 
collected. 

Zone  13  of  Cntawma  section  {H53  A). — The  2h  feet  of  dark  bluish- 
olive  sandy  beds  succeeding  the  last  zone  contain  the  following 
species: 

FimniUe  of  z(me  IS  of  CaUxiviswi  »eclion  (1453  A) . 
[a,  abundant;  c,  common;  r,  rfin>.] 


1.  0hoiietes8citulu8  (a). 

2.  Productella  ff.  Bjieciosa  (r). 

(Two    very  small    Pixxluctellas    are 
doubtfully  referred  to  thiH  species. ) 

3.  (.-aniarot<pchia  eximia  (a). 

4.  Leiorhynchus  inesiciistale  (c). 

5.  Cyrtinahamiltonensis  (c). 

6.  Spinier  mesistrialie. 


7.  S.  ix'nnatuH  var.  posterus  (a). 

8.  Nucula  sp.  (r). 

().  Modiomorphasubalata  var.  chemung- 

ensis  (?)  (r). 
(A  single  small  specimen  referred  to 

this  S{)ecie8  with  some  doubt). 
10.  Cypricardellagregaria  (c). 


Zone  H  of  Catawissa  section  (H53  A), — Seventy  feet  of  nearly  bar- 
ren sandy  beds  intervene  between  the  last-mentioned  and  the  succeeding 
fossiliferous  zone.     In  this  zone  are  found  the  following  species: 

FaunaU  of  zone  14  of  CcUawissa  section  (145S  A ). 


[c,  common;  r,  rare.] 


1.  Palseoneilo  coiistricta  (r). 

2.  P.  plana  (r). 

3.  Actinopteria  ])erHtrialis  (c). 

4.  Loxonema  cf.  Ueviusculum  (r). 


5.  ColeoluH  acicnla  (r). 

6.  Orthoceras  cf.  fulgidum  (r). 

7.  O.  8p.  (r). 


Zone  16  of  (■(itinnliiHa  Heeti<m{lJ!iJ}3  A). — ^The  fossils  occurring  in  this 
zone  are  as  follows: 


FaumUe  of  zone  15  of  Coiawma  section  (145S  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Crania  leoni  (r). 

2.  Chonetesscitulus  (r). 

3.  Productella  speciosa  (r). 

4.  Cryptonella  eudora  (a). 

5.  Tropidoleptus  carinatus  (r). 

6.  Atrypa  reticularis  ( r) . 

7.  Spirifer  mesistrialis  (a). 

8.  8.  {)ennatuB  var.  posterns  (a). 

9.  Grammy sia  sp.  (r). 


10.  Macrodon  np.  (r). 

11.  Leptodenma  sp.  (r). 

12.  Actinopteria  pcrstrialis  (r). 

13.  Bellerophon  sp.  (r). 

14.  Pleurotomaria  sp.  (c). 

15.  Cyclonema  sp.  (r). 

16.  Platyceras  sp.  (r). 

17.  Tentaculites  spiculus  (c). 


The  above  list  contains  many  typical  fossils  of  the  Ithaca  fauna. 
The  presence  of  Tropidoleptus  carinatus  in  this  faunule  is  noteworthy 
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08  representing  a  very  late  survival  in  this  region  of  a  typical  Hamil- 
ton species.** 

Zone  16  of  Oatawma  seetimi  {HHS  A). — Succeeding  zone  15  are  25 
feet  of  nearly  barren  beds. 

Zone  17  of  Odtawissa  Hection  {IJfSS  A). — This  zone  is  composed  of  a 
mass  of  fossil  shells  1  foot  in  thickness  at  an  elevation  of  1,000  feet 
above  the  base  of  the  section. 

Faunult  of  zone  17  of  OaiawisM  section  {J4SS  A). 
[a,  abnndant;  c,  common:  r,  rare.] 


1.  Cystodictya  meeki  (r). 

2.  Paleschara  8p.  (r). 

3.  Chonetesscitulus  (a). 

4.  Cryptonella  eudora  (r). 

5.  Atrypa  reticularis  (r). 

6.  Cyrtina  hamiltonensie  (c). 

7.  Spirifer  mesistrialis  (a). 


8.  S.  pennatufi  var.  posteros  (a). 

9.  Ambocccliagregaria  (r). 

10.  Actinoptena  peretrialis  (r). 

11.  Bellerophon  sp.  (r). 

12.  Cyclonema  sp.  (c). 

13.  Loxonemasp.  (r). 

14.  Tentacnlites  spicalas  (c). 


Zones  18  to  20  of  Catawissa  section  {H63  A). — The  85  feet  of  olive- 
gray  beds  (18)  following  the  last  zone  are  terminated  above  by  a  3-inch 
band  of  the  shells  of  Sp.  pennatvs  var.  posteros  (19),  above  which 
comes  60  feet  of  hard  sandy  beds  (20)  with  few  fossils  and  with  a  bed 
of  large  concretions  near  the  top. 

Zone  21  of  Catawissa  section  (IJ^BS  A). — A  6-inch  band  of  calcareous 
rock  contains  the  following  faunule: 

Paumile  of  zone  fi  of  Catawism  section  {14SS  A), 
[a,  abandant;  c,  common;  r,  rare.] 


1.  Zaphrentis  sp. 

2.  Cystodictya  meeki  (c). 

3.  Cyrtina  hamiltonensis  (a). 


4.  Spirifer  mesistrialis  (a). 

6.  8.  pennatus  var.  posteros  (c). 

6.  Ambocoeliagregaria  (r). 


Zone  22  of  Catawissa  section  {14S3  A). — The  species  comprising  the 
faunule  of  zone  22  are  the  following: 


Faunule  of  zone  2iS  of  Catawissa  section  (145S  A) . 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta  (Leptostrophia)  inter- 

strialis^  (r). 

2.  S.  (L.)  perplana  var.  nervosa  (a). 

3.  Schizophoria  striatula  (r). 


4.  Cyrtina  hamiltonensis  (c). 

5.  Spirifer  mesistrialis  (c). 

6.  S.  pennatus  var.  posterns  (c). 


Zon4i  23  of  Catatvissa  section  {14S3  A). — Twenty  feet  of  nearly  bar- 
ren'beds  follow  the  last  horizon. 


n  With  the  exception  of  that  species  the  faunule  is  very  similar  to  one  occurring  in  the  middle  part 
of  the  Ithaca  member  at  Ithaca. — H.  S.  W. 
bSee  footnote,  p.  85. 
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Zone  ^4-  <if  Oatavrism  section  (lJi53  A),— A  fossiliferous  band  6  inches 
thick  contains  the  following  faunule: 

FaunuU  of  zone  24  of  Catawism  section  (1463  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Crania  sp.  (r). 

2.  Stropheodonta  (Leptoetrophia)  inter- 

strialis  (c), 

3.  S.  (L.)  perplana  var.  nervosa  (a). 

4.  Chonetes  setigeruB  (r). 

5.  Schizophoria  striatula  (c). 


6.  Cyrtina  hamiltonensifl  (c). 

7.  Spirifer  pennatus  var.  posterns  (a), 

8.  Glyptodesma  erectum  (r). 

9.  Pleurotoniaria  Hp.  (r). 
10.  Tentaculites  spiculas  (r). 


Zone  25  of  Catawissa  section  {14S3  A). — ^This  zone  comprises  18  feet 
of  bluish-gray  sandy  beds,  sparingly  fossiliferous. 

Zone  26  of  Cdtawissa  section  {HS3  A), — Following  the  preceding 
zone  are  3i  feet  of  beds,  which  hold  the  following  faunule: 

Faunule  ofzoTie  26  of  Catawissa  section  (1463  A), 
[a,  abOndant;  c,  common;  r,  rare.] 


1.  Cystodictya  meeki  (c). 

2.  Stropheodonta  ( Leptostrophia)  inter- 

strialis  (r). 

3.  S.  (L.)  perplana  var.  nervosa  (a). 

4.  Chonetes  scitulus  (c). 

5.  Productella  speciosa  (r). 


6.  Atrypa  reticularis  (a). 

7.  Cyrtina  hamiltohensis  (c). 

8.  Spirifer  pennatus  var.  posterns  (a). 

9.  Leiopteria  cf.  bigsbyi  (r). 

10.  Actinopteria  perstrialis  (a). 

11.  Tentaculites  spiculus  (c). 


The  specimens  here  listed  as  Sp.  pennatiis  var.  posterus  exhibit  some 
interesting  variations.  Some  of  the  specimens  which  represent  the 
posterus  type  have  the  well-marked  muscular  impression  in  the  ventral 
valve  characteristic  of  this  form,  without  an v  distinct  trace  of  a  median 
septum  which  characterizes  the  closely  related  form  Delthyris  mesicos- 
talis,  A  few  have  the  weakly  developed  median  septum  without  the 
muscular  impression,  and  represent  an  early  stage  of  development  of 
Ddthyris  mesicostalis,  A  majority  of  the  specimens  show  both  char- 
actersy  the  median  septum  being  but  slightly  developed  in  any  indi- 
viduals. 

Zone  27  to  30  of  Cdtawissa  section  {1463  A). — Three  hundred  and 
sixty-three  feet  of  nearly  barren  beds  succeed  the  last  zone. 

Zone  31  of  Catawissa  section  (HB3  A). — Five  feet  of  olive-gray  sandy 
beds  afford  the  following  species: 

Faumde  of  torn  31  of  Calawissa  section  (1463  A) . 
[a,  abundant;  c,  common;   r,  rare. J 


1.  Productella  Speciosa  (r). 

2.  Schizophoria  striatula  (a). 

3.  Pugnax  cf.  pugnus  (r). 


4.  Atrypa  aspera  (r). 

5.  A.  reticularis  (c). 


The  third  species  is  represented  by  two  small  fragments  doubtfully 
referred  to  this  species. 
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7jonc  o'2  (yf  (JatatriH^a  Hectioii  (IJ^oJ  A),  —Ninety-five  feet  of  conipai'a- 
tively  barren  l)eds  intervene  between  the  preceding  and  the  nucceed- 
ing  foHsiliferous  zones. 

7jone  33  of  Catdwima  Hectl*m  {14S3  A). — ^The  following  species  are 
from  the  upper  part  of  26  feet  of  greenish-gray  sandy  shale: 

Faunule  of  zone  SS  of  Catatmsm  section  (1463  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Cystodictya  meeki  (r). 

2.  Chonetes  ecitulus  (r). 

3.  l*roductella  specnosa  (a). 

4.  Pugnax  pugnus  (c). 

5.  Cyrtina  hamiltonensiH  (r). 

(>.  Spirifer  j)eniiatu8  var.  posterae  (a) . 

7.  Reticularia  Isevis  (r). 

8.  Sauguinolites  8p.  (r). 

9.  Nucula  corbulif oralis  (c). 


10.  Pal«eoneilo  filosa  (c). 

11.  P.  plana  (r). 

12.  Actinopteria  Bp.  (r). 

13.  Bellerophon  maera  (r). 

14.  B.'(Bucanop6is)  leda  var.  (r). 

15.  Pleurotomaria  sp.  (r). 

16.  Loxonema  sp.  (r). 

17.  Orthoceras  sp.  (r). 


This  faunule  is  noteworthy  as  showing  a  second  occurrence  in  the 
section  of  Rethularla  loivis  nearly  900  feet  above  its  first  appearance. 
In  the  Ithaca  section  it  is  known  to  have  a  vertical  range  of  520  feet. 
P.  pugnvs^  which  is  here  associated  with  R,  Isevis^  is  another  form 
well  known  in  the  Nunda  horizon  of  central  New  York. 

Zone3If,of  Cataunssa  section  {14S3  A), — Seventy-five  feet  of  hard^ 
sandy  greenish-gray  shales,  carrying  few  fossils,  follow  the  last  zone. 

Zone  35  of  Catawissa  8e<:tio7i  {14S3  A). — ^Two  feet  of  fossiliferous 
beds  hold  the  following  species: 

Faunule  of  zone  S6  of  CkUaurism  section  (146S  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  LeiorhynchuB  mesicostale  (a). 

2.  Pngnax  pugnus  (c). 

3.  Cyrtina  hamiltonensis  (a). 

4.  Spirifer  pennatus  var.  posterus  (a). 


5.  Granimysia  sp.  (r). 

6.  Nucula  corbuliforaiis  (r). 

7.  Palseoneilo  filosa  (r). 

8.  Actinopteria  sp.  (r). 


The  specimens  of  a^.  penmiUis  var.  poaterus  in  this  zone  have  the 
greatly  extended  hinge  line  characteristic  of  those  occurring  at  the 
Triphammer  Falls  horizon  in  the  Ithaca  section. 

Zone  36  of  Catawissa  section  {USS  A). — The  beds  of  this  zone  hold 
the  following  faunule: 

Faunule  of  zone  36  of  Cniawimi  seciion  {14S3  A). 
[a,  abundant;  c,  common;  r,  rare.]    - 


1.  Craniella  cf.  hamiltonifle  (r). 

2.  Productellaspeciosa  (c). 

3.  Schizophoria  striatula  (r). 

4.  Leiorhynchus  mesicostale  (a). 


5.  Pugnax  pugnus  (c). 

6.  Cyrtina  hamiltonensis  (c). 

7.  Spirifer  pennatus  var.  posterns  (a). 

8.  Palseoneilo  plana  (r). 


The  specimens  of  Sp.  pennattis  var.  posterm  are  rather  large,  averag- 
ing about  li  inches  in  width. 
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Zotie  38  of  CaUiwiasa  section  {H63  A). — The  following  species  occur 
in  the  4  feet  of  beds  included  in  this  zone: 

Faumde  ofztme  S8  of  CatavTism  section  (14S3  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodontacf.  demissa  (r). 

2.  Schizophoriastriatula  (c). 

3.  Leiorhynchus  meeicofltale  (c). 

4.  Spirifer  pennatua  var.  posterus  (a). 


5.  Palffioneilo  plana  (r). 

6.  Pterineachemangensis  (r). 

7.  Ectenodesma  biroetratum  (r). 


Zone  39  of  Catawissa  section  (H53  A). — ^Thirty  feet  of  sparingly 
fossiliferous  shales  separate  the  last  zone  from  the  succeeding. 

Zofie  Ift  of  Catawissa  section  {11^3  A), — A  6-inch  band  of  richly 
fossiliferous  rock  affords  the  following  species: 

FcLunviU  of  zone  40  of  Oaiavnsga  section  (14SS  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Craniella  cf.  hamiltoniae  (r). 

2.  Stropheodonta  cf.  demiflsa  (r). 
8.  Productellaspeciosa  (c). 

4.  Schizophoria  striatula  (r). 

5.  Pagnax  pugnus  (a). 

6.  A  try  pa  aspera  (r). 

7.  Cyrtina  hamiltonensis  (c). 

8.  Spirifer  pennatns  var.  posteros  (r). 

9.  Ambocceliagregaria  (r). 

10.  Nuculadiffidens  (c). 

11.  Fftlseoneilo  cf.  brevis  (r). 


12.  Pakeoneilo  sp.  (r). 

13.  Leptodesma  sp.  (r). 

14.  Mytilarcasp.  (r). 

15.  Glyptodeema  cf.  erectum  (r). 

16.  Ectenodesma  cf .  birontratiim  (r), 

17.  Goniophora  cf.  truncata  (r). 

18.  Cypricardella  cf.  gregaria  (r). 

19.  Bellerophon  cf.  msera  (r). 

20.  B.  sp.  (r). 

21.  Loxooema  sp.  (r). 


It  will  be  noted  that  nearly  all  of  the  species  in  this  list  oi'cur  in  the 
Ithaca  fauna.  The  third  and  fifth  species  (P.  speciosa)  and  P,pugnm^ 
which  are  the  dominant  forms  of  the  faunule,  are  characteristic  species 
of  the  Ithaca  fauna.  This  is  the  latest  faunule  appearing  in  the  sec- 
tion. No  characteristic  Chemung  forms  appear  either  in  it  or  in  any 
of  the  preceding  faunules.  It  is  to  be  observed  also  that  this  fauna 
ranges  through  approximately  1,400  feet.  The  pure  Ithaca  fauna  at 
Ithaca  occupies  about  400  feet  and  the  Chemung  fauna  begins  less  than 
1,400  feet  above  the  Genesee. 

Zone  4.1-4^  of  Catawissa  section  {H63  A). — Olive-gray  shales  and 
sandstone,  mostly  covered  and  apparently  barren,  occupy  the  interval 
between  the  last  zone  and  the  lower  ^^red  bed.'' 

Zone  4^  of  Catatoissa  section  {14S3  A), — ^This  zone  comprises  10  feet 
of  red  shales,  is  the  lowest  of  the  ''red  beds,''  and  is  barren  of  fossils. 
It  is  the  highest  bed  in  which  careful  search  was  made  for  fossils. 

Bull.  244—05 6 
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FORMATIONAL  CORRELATION  OF  CATAWISSA  SECTION. 

By  H.  H.  Williams. 

The  Catawissa  section  was  chosen  for  special  investigation  because 
of  its  central  position  and  because  it  has  been  adopted  as  a  standard 
section  in  the  interpretations  of  the  geology  of  this  and  several  adja- 
cent counties.  In  Rept.  G  7,  I.  C.  White  used  it  as  a  standard.  The 
State  geologist,  J.  P.  Lesley,  after  consulting  James  Hall,  of  New 
York,  concerning  the  points  involved,  allowed  the  paleontological  facts 
to  stand  as  reported.  Criticism  of  the  value  of  paleontology  rather 
than  of  the  correctness  of  the  statements  resulted  from  the  confusion 
between  the  stratigraphy  and  the  paleontology." 

The  10-foot  bed  of  red  shales  (No.  89  of  section,  on  p.  239  of  Rept. 
G  7)  was  made  the  base  of  the  Chemung-Catskill.  On  the  north  side 
of  the  river  the  same  bed  is  recognized  as  No.  41  of  the  Rupert  and 
Catawissa  section.*    I.  C.  White  made  the  following  statement: 

The  reader  will  understand  that  the  top  of  the  Chemung  has  been  fixed  by  me  in 
the  district  at  the  base  of  the  lowest  red  bed,  and  that  all  rocks  below  this,  down  to 
the  top  of  the  Hamilton,  will  be  described  under  the  name  of  Chemung,  since  I  have 
found  it  impracticable  to  separate  the  Portage  from  the  Chemunjc  by  any  well-defined 
characters  that  will  apply  throughout  the  district,  although  it  is  very  probable  that 
800^-1,000^  of  the  beds  in  the  lower  part  of  the  group  are  the  equivalent  of  the 
Portage  beds  in  New  York. 

The  following  section  taken  along  the  south  bank  of  the  Susquehanna  River, 
beginning  at  the  eastern  end  of  the  bridge  across  the  latter  stream  at  Rupert  exhibits 
the  distribution  of  the  fossils  in  the  Chemung,  c 

The  identification  of  the  fossils  was  upon  the  authority  of  Professor 
Claypole.  In  discussing  the  Catawissa  section,  I.  C.  White  gives  the 
following  reasons  for  adopting  this  basis  of  classification: 

There  (^omes  at  the  bottom  of  the  Catskill  a  series  of  rocks  having  such  a  mixture 
of  Catskill  and  Chemung  characters  that  it  seems  impossible  to  determine  precisely 
the  lower  limits  of  the  former,  or  the  upper  of  the  latter;  and  to  bridge  over  the 
diflUculty  L  have  thought  best  to  classify  these  transition  beds  as  an  intermediate 
Catskill-Chemung  group. 

The  base  of  the  Catskill  series,  as  limited  in  this  report,  has  been  placed  at  the 
horizon  where  the  scales,  teeth,  and  bones  of  Holaptychius  make  their  first 
appearance.'' 

Some  geologists  would  doubtless  cut  off  the  Catskill  at  the  base  of  No.  22  [of  the 
Catawissa  section]  and  place  all  the  underlying  portion  of  the  section,  700^  thick, 
in  the  Chemung,  because  some  shells  of  Chemung  type  occur  in  these  beds;  but 
since  more  than  1,000^  of  red  l^eds  underlie  the  first  bed,  No.  54,  at  the  lx>ttom  of  the 
section,  I  prefer  the  conclusion  that  a  few  of  the  Chemung  shells  lived  on,  in  this 
region  at  least,  far  into  the  Catskill  period.  ^ 


aSee  Second  Pennsylvania  GeoL  Survey.  Rept.  (J  7,  prefatory  letter,  nee.  24,  p.  xlx;  aluo  p.  63,  etc\ 
Mbid.,  pp.  68-64.  c  Ibid.,  pp.  67-6B.  d  Ibid.,  p.  54.  e  Ibid.,  p.  S9. 
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The  above  quotationn  make  it  clear  that  I.  C.  White  in  1883  accepted 
the  first  substantial  red  bed  in  the  Devonian  sections  as  the  upper 
termination  of  the  Chemung  formation,  and  regarded  the  first  fish 
bed  with  HoloptycKixis  remains  as  the  base  of  the  true  Catskill  for- 
mation. For  practical  purposes  (not  fully  approving  it  himself),  he 
proposed  to  call  the  formations  lying  between  these  two  zones  the 
Chemung-Catskill. 

In  this  section  are  to  be  found  the  evidences  which  have  been  taken 
for  the  classification  of  the  upper  Devonian  formations  of  central 
Pennsylvania  in  general,  as  given  in  the  Second  Pennsylvania  report. 

A  reference  to  the  Prefatory  Letter  of  Report  G  7  will  indicate  the 
nature  of  the  confusion  introduced.  In  closing  that  letter  the  State 
geologist  (J.  P.  Lesley)  remarks: 

The  startling  fonsil  siiH^ciea  of  this  repc^rt  will  therefore  Ije  regarded  by  the  i)aleon- 
tologist  .  .  .  aa  only  provisionally  verified;  while  they  must  certainly  stimulate 
American  geologists  to  a  closer  study,  and  especially  to  a  microscopic  study,  of  several 
of  our  so-considered  plainest  and  least  ambiguous  forms.  ^ 

In  the  following  year,  1884,  a  sharp  controversy  arose  in  section  E 
of  the  American  Association  for  the  Advancement  of  Science  over  the 
restatement  of  one  phase  of  the  same  problem — the  claim  that  Spin- 
fer  mesistrialU  and  Spirifer  di^unHus  were  found  together  in  the 
same  formation.  It  was  at  that  time  my  good  fortune  to  know  the 
statement  to  be  correct,  because  I  had  a  rock  specimen  containing 
both  species.  But  none  of  the  geologists  knew  at  that  time  the  real 
cause  of  the  difficulty. 

It  was  not  known  then  that  the  first  red  bed  could  not  be  taken  as 
the  mark  of  the  close  of  the  Chemung  formation,  so  long  as  Chemung 
was  identified  by  marine  fossils,  and  that  the  first  fish  beds  did  not 
occur  uniformly  at  the  same  horizon  in  relation  to  the  succession  of 
marine  faunas. 

I  believe  very  few  geologists  at  that  time  were  ready  to  accept  the 
proposition  that  fossils  which  were  known  to  represent  separate  stages 
of  a  continuous  section  in  one  region  could  actually  occur  together  in 
the  same  zone  of  another  section.  The  last  remark  of  Professor  Les- 
ley's letter  has  proved  correct.  The  fossils  which  were  of  critical 
importance  were  no  doubt  incorrectly  labeled,  and  the  conclusions 
which  rested  upon  their  identification  were  erroneous.  This  at  least 
has  been  demonstrated  by  the  recent  study  of  the  Catawissa  section. 

The  diagnostic  Chemung  fossil  Spirifer  disjnnctus^  which  was  re- 
ported from  three  zones  of  the  section  below  the  first  red  bed  and 
from  four  zones  in  the  section  on  the  north  side  of  the  river  (the  low- 
est of  which  is  within  800  feet  of  the  top  of  the  Genesee),  not  only 
has  not  been  found  after  special  careful  search  of  every  foot  of  the 

«  Second  PennsylvaDia  Qeol.  Survey,  Rept.  G  7,  p.  zxtI. 
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section,  but  the  fossils  that  do  occur  represent  faunas  which  are  well 
known  in  New  York  State,  none  of  which  contain  this  species  in  any 
of  their  reported  outcrops. 

Since  the  lists  of  species  have  been  officially  reported,  it  is  not  suf- 
ficient to  say  that  the  species  do  not  occur  in  the  section.  The  state- 
ment that  the  classification,  as  it  stands,  is  not  in  accordance  with  the 
paleontological  facts,  can  not  be  accepted  in  place  of  the  official 
reports  without  demonstrative  evidence.  It  is  not  just  to  the  geolo- 
gists to  charge  them  with  wrong  intei*pretation  when  they  were  rel^^- 
ing  on  the  accuracy  of  the  paleontologist's  determination.  It  has 
been  thought  fairer  and  better  to  neglect  the  statistics  already 
reported,  to  examine  the  section  anew,  and  to  gather  new  series  of 
fossils. 

In  order  that  the  facts  may  be  clearly  before  the  reader,  the  inter- 
pretation of  the  section,  as  given  by  I.  C.  White  in  the  report,  will 
be  briefly  stated. 

The  lowest  red  bed  of  the  section  on  the  north  side  of  the  river  is 
given  as  No.  41  of  the  section."  It  outcrops  at  roadside  near  the 
mouth  of  a  little  run,  280  rods  north  from  Catawissa  station.  It  is 
given  as  No.  30  of  the  section  on  the  north  side  of  the  river,  and  is 
there  described  as  "Red  shales,  sandy,  near  east  end  of  Rupert  Bridge 
of  Reading  Railroad,  this  being  the  lowest  red  bed  and  base  of  tran- 
sition."^ 

This  was  made  the  top  of  that  part  of  the  section  specially  examined 
by  Doctor  Kindle,  and  is  No.  43  of  his  section.  A  reconnaissance 
survey  of  the  higher  beds  did  not  show  to  him  any  marine  invertebrate 
fossils,  so  that  detailed  search  for  fossils  was  not  made.  None  are 
reported  by  I.  C.  White  for  this  particular  section  above  the  first  red 
bed  No.  30. 

On  the  north  side  of  the  river,  marine  fossils  are  reported  above 
this  red  l)ed  for  nearly  a  thousand  feet.  The  reported  species  are  all 
Chemung.*'    These  higher  beds  are  classified  as  Chemung-Catskill. 

The  thickness  of  the  section,  according  to  I.  C.  White's  estimate, 
is  as  follows  :** 

Thickness  of  beds  of  Calavyissa  section. 

Feet. 
Cheinung  (strata  Nos.  30-73,  inclusive),  and  from  the  top  of  the  Genesee  to 

first  red  bed 2,300 

Chemung-Catskill,  or  transition,  to  first  fish  bed 1, 100 

Catflkill 1,412 

The  lower  1,000  feet,  or  thereabouts,  was  identified  as  equivalent  to 
the  Portage  on  basis  of  fossils.* 
The  thickness  of  the  so-called  Chemung,  from  the  Genesee  shales 

a  Second  Peniuylvania  Qeol.  Survey,  Kept.  G  7,  p.  64.  dibid.,  p.  2S7. 

b  Ibid.,  p.  285.  *  Ibid.,  p.  70. 

olbid.,  p.  66. 
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to  the  base  of  the  first  red  bed,  Kindle  Bstimated  to  be  a  little  over 
2,100  feet.  No  single  section  can  be  measured  through  the  whole 
series,  and  the  element  of  dip  comes  in  to  make  up  the  difference  in 
estimated  thickness.  Many  of  the  zones  of  the  original  section  were 
recognized  by  Kindle,  but  not  all,  and  the  section  here  reported  upon 
is  given  on  the  basis  of  an  independent  examination  and  tabulation  of 
the  strata,  the  section,  however,  covers  the  same  interval  of  rocks 
given  in  Kept.  G  7. 

The  Stony  Brook  beds  are  identified  in  Kept.  G  7  as  No.  39  of  the 
section.  Whether  I.  C.  White's  identification  of  the  beds  in  this  section 
is  correct  or  not,  the  Stony  Brook  beds  were  then  regarded  as  of  great 
value  for  determining  horizons.  I.  C.  White  stated  that  the  ''Stony 
Brook  horizon  can  be  recognized  anywhere  within  the  region  where- 
ever  its  beds  are  exposed,  from  Luzerne  County  to  the  southern  part  of 
Northumberland,""  and  suggests  that  this  zone  may  he  present  50 
or  150  feet  below  the  third  Venango  oil  sand  in  Crawford  and  Erie 
counties. 

The  four  species  which  are  said  to  be  "always  associated  in  the 
Stony  Brook  beds  "  are  Productella  hirsuta^  Spirifer  diyunctits^  long- 
winged  form,  Spirifer  mesicostalu^  and  Leiorhynchtis  mesicostale,^ 

The  original  outcrop  of  the  Stony  Brook  beds  is  in  Columbia 
County,  at  a  cutting  where  the  road  crosses  Stony  Brook,  one-half 
mile  north  of  the  south  line  of  Orange  Township.  The  brook  empties 
into  Fishing  Creek. 

On  the  evidence  of  the  fossils,  the  following  statement  was  made 
concerning  the  Stony  Brook  beds:  "  In  fact  this  horizon  seems  to 
represent,  par  excellence,  the  typical  Chemung  rocks  of  New  York  in 
physical  aspect  as  well  as  in  fossils."*  And  in  the  final  report,  ten 
years  later,  this  interpretation  is  confirmed.  ^ 

As  is  shown  in  the  present  report  (see  page  76)  the  fossils  found 
in  the  rocks  at  the  horizon  called  "  Stony  Creek  beds  "  by  I.  C.  White  do 
not  belong  to  the  fauna  of  the  typical  Chemung  formation  of  New 
York,  but  to  a  fauna  always,  in  the  New  York  section,  found  below 
the  typical  Chemung  in  what,  along  the  Cayuga  Lake  meridian,  is 
<oalled  the  ItliacA  member.  In  fat»t  the  combination  of  species  is 
very  close  to  that  found  in  the  central  part  of  the  typical  Ithaca 
member  of  Ithaca,  N.  Y.  Professor  HalFs  surmise,  that  the  Stonv 
Creek  beds  were  middle  Chemung,  was  nearer  the  truth,  but  in  mak- 
ing that  judgment  he  wjis  misled  by  the  report  that  Spirifei'  diajunctm 
was  present  in  the  fauna.  Not  a  trace  of  that  species  has  been  found 
anywhere  in  the  Catawissa  section.''  The  use  of  this  bed  jis  evidence 
of  the  upper  part  of  the  typical  Chemung,  as  in  this  and  several  other 

a  Second  Pennsylvaiiia  Qeol.  Survey,  Rept.  O  7,  p.  72. 

h  Ibid.,  p.  92. 

c  Summary  Final  Rept.  Second  Pennsylvania  Qeol.  Survey,  vol.  2,  p.  1564. 

dSee  Second  Pennflylyania  Geol.  Survey,  Rept.  O  7,  p.  xxx. 
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cases  "  is  therefore  misleading  on  account  of  misinterpretation  of  the 
fossils. 

While  this  reliance  upon  wrong  report  of  fossils  has  led  to  error, 
a  mistake  of  another  kind  was  made  when  I.  C.  White  held  that 
Chemung  species  occurred  not  only  in  his  tmnsition  interval,  called 
Chemung-Catskill,  but  also  several  hundred  feet  above  the  base  of  the 
Catskill.  ^  This  is  accounted  for  by  the  supposed  survival  of  Chemung 
species  into  the  Catskill  age.  '^But  the  marked  absence  of  other 
well-known  Chemung  fossils  shows  that  the  above-mentioned  species 
are  merely  live  species  which  survived  long  beyond  those  with  which 
they  are  associated  in  the  genuine  Chemung  beds,  into  the  Catskill 
age."*  The  same  idea  is  conveyed  in  an  earlier  statement  in  which 
the  author  defends  his  determination  of  the  base  of  the  Catskill  at  the 
Holoptychhm  beds  by  saying:  ''Some  geologists  would  doubtless  cut 
off  the  C'atskill  at  the  base  of  No.  22,  and  place  all  of  the  underlying 
portion  of  the  section,  700  feet  thick,  in  the  Chemung,  because  some 
shells  of  Chemung  type  occur  in  these  beds;  but  since  more  than  1,000 
feet  of  red  beds  underlie  the  fish  bed,  No.  54,  at  the  lx>ttom  of  the  sec- 
tion, I  prefer  the  conclusion  that  a  few  of  the  Chemung  shells  lived  on, 
in  this  region  at  least,  far  into  the  Catskill  period."  ^  I  quote  this  argu- 
ment in  full  because  it  strikes  at  the  very  heart  of  the  difficulty. 

The  first  appearance  of  red  beds  and  of  Hohyptychi-m  in  a  strati- 
graphical  section  is  there  announced  to  be  of  more  importance  in  deter- 
mining the  geological  age  of  the  beds  than  the  presence  of  well-known 
representatives  of  a  marine  invertebrate  fauna  which  is  known  to  hold 
a  definite  place  in  the  sequence  of  fossil  faunas. 

The  problem  may  be  expressed  in  simple  terms,  as  follows:  It  is 
supposed  that  Spirife)*  disjunctvs  is  characteristic  of  the  Chemung 
fauna  and  red  beds  are  typical  of  the  Catskill  formation.  Where 
SpiAfer  dvBQunctuB  occurs  in  the  midst  of  red  beds  I.  C.  White  main- 
tained that  the  rocks  are  of  Catskill  age  and  that  Spirifer  di»functuJt 
lived  on  after  its  normal  period  (the  Chemung).  The  opposite  conten- 
tion, which  is  here  advocated,  is  that  the  age  of  the  beds  is  Chemung 
and  that  the  red  beds  were  deposited  earlier  in  this  region  than  at 
places  where  they  are  found  only  above  the  Spirifer  diajuncUis  zone 
of  the  section. 

The  issue  was  clearly  recognized  by  me  at  the  first  reading  of 
Report  G  7,  but  it  will  be  noticed  at  once  that  the  question  seems  to 
be  pureW  a  matter  of  opinion,  and  there  is  no  evidence  to  prove  the 
coiTectness  of  either  view.  At  the  time  of  writing  the  report  its 
author  and  the  Penns3'lvania  survey  were  apparently  in  possession  of 
the  facts.  The  disregard  of  the  inti^rpretations  by  fossils  was  justi- 
fied, since  the  species  were  incorrectly  reported  in  a  critical  case.  The 
problem  could  be  solved  only  by  such  a  perfect  elaboration  of  the 

«  See  St'cond  I'eniiMylvania  Geol.  Survey,  Kept. «  7,  PI.  V.,  p.  66.       b ibid,  p.  240.       ^-Ibid,  p.  W. 
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fannan  that  they  would  afford  conclusive  proof  independent  of  red 
Jieds  or  any  other  purely  physical  characters.  It  has  taken  a  long 
time  to  gather  the  evidence,  but  we  are  now  able  to  prove  by  fossil 
evidence  that  the  red  beds,  regarded  as  the  top  of  the  Chemung  for- 
mation of  this  region  by  I.  C.  White,  were  deposited  before  the  typical 
Chemung  fauna  occupied  the  seas  of  this  region. 

The  evidence  for  this  conclusion  is  found  in  the  api)earance  of  the 
Ithaca  fauna  immediately  below  the  lowest  red  beds.  This  Ithaca 
fauna  occupies  the  section  down  to  within  200  feet  of  the  black  shale 
beds  of  the  Genesee,  where  the  typical  Nunda  fauna  occurs.  Below 
the  (Jenesee  a  typical  Hamilton  fauna  is  seen.  No  characteristic  Che- 
mung fossils  appear  in  the  whole  section  at  Catawissa.  The  successiv^e 
appearance  of  the  Hamilton,  Genesee,  lower  Nunda,  and  Ithaca  faunas, 
terminated  above  by  red  beds,  demonstrates  the  impoilant  fact  that 
the  Catskill  type  of  sedimentation  began  in  this  region  before  the 
Chemung  epoch  opened. 

Professor  Hall  was  right  in  stating  that  the  beds  were  of  Chemung 
age  so  long  as  they  carried  Chemung  fossils  (i.  e.,  up  to  22  of  the  I.  C. 
White  section).  This  would,  however,  carry  the  top  of  the  Chemung 
formation  2,700  feet  higher  up  than  it  is  located  in  the  report  and 
would  include  all  of  I.  C.  White's  Chemung-Catskill  and  1,700  feet 
of  his  Catskill. 

The  present  investigation  has  not  gone  far  enough  to  positively  con- 
firm this  conclusion,  but  the  evidence  afforded  by  the  fossils  of  the 
Catawissa  section  that  have  been  critically  studied  makes  such  a  con- 
clusion probable. 

The  facts  published  in  the  reports  regarding  the  range  of  fossils  in 
the  sections  are  in  favor  of  the  intei*pretation  given  by  Professor  Hall. 
SpiTifer  disjunctus  and  other  Chemung  fossils  were  frequently 
reported  above  the  base  of  the  red  beds.  In  the  Fishing  Creek  sec- 
tion^ fossils  were  reported  800  feet  above  the  top  of  the  so-called 
Chemung.  In  the  Montour  section*  fossils  were  found  700  feet  above 
the  base  of  ''Catskill"  and  1,700  feet  above  the  top  of  '* Chemung." 
The  Hartville  section '^  (Luzerne  County)  shows  Chemung  fossils  150 
feet  above  the  base  of  the  "Catskill." 

It  is  evident  from  these  reported  cases  that  the  fossils  were  of  sec- 
ondary importance  in  determining  the  upper  limit  of  the  Chemung. 
The  first  red  beds,  at  whatever  horizon  they  occurred,  in  relation  to  the 
fossils,  were  regarded  as  evidence  of  the  top  of  the  Chemung  forma- 
tion and  the  beginning  of  the  Catskill  series.  The  transition  beds  up 
to  the  first  well-defined  Iloloptychim  beds  were  called  Chemung- 
Catskill. 

That  Professor  Claypole,  who  identified  the  fossils,  understood  the 
confusion  of  evidence  is  clear  from  his  report  on  Perry  County.     The 

a  Second  Pennsylvania  Geol.  Survey,  Kept.  G  7,  p.  216.        bibid.,  p.  287.        cibld.,  p.  196. 


84  CONTRIBUTIONS   TO   DEVONIAN   PALEONTOLOGY.       [81tll.2M. 

Kin^H  Mill  sandHtono  is  placed  in  the  Catskill  formation,  although  he 
found  in  it,  and  in  the  overlying  shales,  foHnils  which  he  identified  as 
typical  Chemung  species.  The  formation  name  was  evidenth'  applied 
liecause  of  the  red  shales  and  the  Jloloptyc/iltis  beds,  and  he  supposed 
that  these  beds  were  ^^ passage  beds  between  the  Chemung  and  the 
Catskill,  during  the  formation  of  which  Catskill  conditions  more  and 
more  prevailed,  rendering  the  seas  less  and  less  congenial  to  the  Che- 
mung fauna,  until  the  latter  became  extinct;  and  then  followed  that 
vast  accumulation  of  red  sandstone  and  shale  almost  destitute  of 
organic  remains,  except  those  of  fishes,  which  is  usually  recognized  as 
the  Catskill  fonnation."" 

In  conclusion  it  is  to  be  noted  that  not  a  single  species  of  the  list  of 
15  diagnostic  Chemung  s{)ecies  mentioned  on  page  57  of  this  bulletin 
is  found  in  the  2,00(»  feet  of  strata  of  this  Catawissa  section. 

PAUNAL  CORRELATIONS  OP  CATAWISSA  SECTION. 

By  H.  S.  Williams. 

Regarding  the  paleontological  evidences  presented  in  this  section, 
the  following  comments  may  be  made: 

The  first  fossiliferous  zone  (1  to  3)  contains  the  normal  fauna  of  the 
Hamilton  formation,  as  shown  by  the  dominance  of  TropidoleptuM 
ear  hiatus^  Choyietes  coronatun^  Rhipidmnella  vanuxemi^  Spirifer  pen- 
71  aim ^  S.  gramUo»us,  and  Phacops ratui^  and  the  presence  of  S.  inedialis^ 
Pa/moneilo  einarginata,  Modiomorpha  ooncentrica^  Oj/prtcardella  heUin- 
triata^  and  Oyclofiema  haniiltonise. 

Zone  4  may  be  correlated,  on  account  of  its  lithological  similarity  and 
in  the  absence  of  detected  fossils,  with  the  Genesee  formation. 

Zone  6  contains  a  fauna  which  is  common  in  the  Nunda  (Portage) 
formation  both  above  and  below  the  horizon  of  the  Ithaca  fauna,  and 
in  sections  in  which  the  latter  is  absent.  It  is  recognized  by  the  pres- 
ence and  association  of  such  species  as  Buchicla  »peciosa^  Pterochssnia 
fragile  and  Lunulicardiuin  curtum.  It  contains  Chcmetea  and  ZinffiUa 
but  rarely  species  of  any  other  genera  of  brachiopods. 

The  fossiliferous  zone,  extending  from  7  to  26  inclusive,  contains  a 
fauna  typical  of  the  Ithaca  member,  as  it  is  seen  at  Ithaca,  N.  Y. 
The  diagnostic  species  are  Spirifer  pennatiLSwav.  posterns^  Sp.  mesistri- 
a  lis  J  Actiiwpteria  perstrialis^  Leiorhynchvjsi  mencoatale,  Product-elln 
specioaa^  CyHtodictya  meeki^  and  Stroph^odonta  (Leptostrophia)  inter- 
strialis.  The  thickness  here  is  700  feet.  At  Ithaca,  N.  Y.,  the  fos- 
siliferous zone,  which  is  characteristic,  is  not  over  400  feet  thick. 
Reticulm^id  /a?rwappears  in  the  Catawissa  section  280  feet  above  the  base 
of  the  fossiliferous  zone.  This  first  Reticnlaria  Isbvia  faunule  occupies 
much  the  same  p)osition,  in  the  sequence  of  development  of  the  general 

a  Second  PennsylvaDU  Qeol.  Survey,  Rept.  F  2,  p.  76. 
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faiin&s^  as  in  the  Ithaca  section.  The  f ossiliferous  zone  extends  about 
400  feet  above  it  in  both  cases;  and  the  difference  in  the  range  of  fos- 
sils, indicated  by  the  statistics  now  on  hand,  is  shown  by  the  fact  that 
in  the  Catawiasa  section  such  apecies  o^  Spirifer  penmitm  \9ir.  posterns^ 
SahizopJion^i  Htriatula^  and  Leiorhynchiia  mesicostale^  appear  well  below 
the  first  Spirlfer  Is&vis  zone  while  in  Ithaca  they  do  not  appear  below 
it.  It  is  noticeable  that  the  brachiopods  dominate  above  while  in  the 
lower  200  feet  of  the  fossiliferous  zone  there  are  few  brachiopods 
though  there  is  a  sparse  fauna  of  gastropods,  lamellibranchs  and 
cephalopods.  In  this  feature  the  Oatawissa  and  Ithaca  sections  agree. 
This  mingling  of  the  two  faunas,  which  are  more  sharply  differen- 
tiated in  the  Ithaca  section,  is  probably  due  to  the  geographical  posi- 
tion of  the  section. 

In  western  New  York,  along  the  Genesee  Valley,  the  interval  between 
the  Genesee  shale  and  the  first  appearance  of  the  Chemung  fauna  is 
occupied  by  the  Nunda  formation,  with  no  trace  in  Jt  of  the  rich 
Ithaca  fauna.  Very  little  trace  of  that  fauna  is  seen  in  the  Seneca 
Lake  Valley  sections,  while  at  Ithaca  there  is  a  zone  of  400  feet  pre- 
ceded as  well  as  followed  by  Nunda  conditions  and  fauna.  This 
zone  is  occupied  by  the  rich  brachiopod  fauna  of  the  typical  Ithaca 
formation. 

Points  to  be  noted  in  the  faunal  combinations  are  the  association  of 
Sjnrifer permatubs  var.  posterns  with  Retlcularia  Isevis  in  zone  11,  and 
the  appearance  of  the  former  over  200  feet  lower  in  zone  7.  Another 
interesting  association  is  Tropidoleptus  carin^tm,  in  zone  15,  with 
Productdla  speciosa^  Cryptondla  eudora^  Spirifer  mesistrialis^  and  S. 
pennatus  vat.  posterns.  This  is  evidently  a  recurrence  from  the  Hamilton 
formation,  and  is  to  be  correlated  in  time  with  the  occurrence  recorded 
in  the  Ithaca  section  in  Bulletin  3  (page  15)  of  the  faunule  called  in 
that  report  No.  14  N.  The  species  Tropidoleptm  carinatxis  does  not 
appear  in  the  latter  zone  at  Ithaca  so  far  as  at  present  discovered, 
}>ut  several  common  Hamilton  forms  do. 

From  zone  26  upward  for  about  300  feet  no  fossils  were  detected, 
and  the  upper  fossiliferous  zone  occupies  the  succeeding  400  feet. 
This  upper  zone  (31-40)  holds  a  fauna  in  which  the  dominant  species 
are  still  those  of  the  Ithaca  beds.  From  26  to  40,  inclusive,  may  be 
correlated  with  the  upper  Nunda  of  the  Ithaca  section. 

It  will  be  noticed  that  the  Stropheodonta  is  almost  completely 
absent,  a  single  species  referred  to,  aS".  demiHsa^  appearing  in  both  38 
and  40.  Schizophorla  strmtula  is  present,  but  Cryjdondl^  is  want- 
ing, as  is  also  Spirifer  nu'sistriali^.  Pu<fnax  pxignxm  and  Reticulariii 
Isdvis  are  both  present,  the  former  frequently  and  in  considerable 
numbers.  Productella  hallana  is  not  recorded,  but  it  probably  would 
be  found  on  more  thorough  search.     These  characteristics  of  the 
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upper  fauna,  associated  with  the  absence  of  the  Chemung  species  of 
PiiKhictella^  OHlils^  Sjnrlfer^  and  Dtlthyris^  indicate  a  continuation 
of  the  Ithaca  fauna  up  through  the  zone,  called  upper  Portage  at 
Ithaca,  where  it  was  found  to  be  nearly  barren  and  represented  only 
by  recurrent  Nunda  (Portage)  species. 

This  combination  of  species,  seen  in  the  upper  part  of  theCatawissa 
section,  is  in  harmony  with  the  theory  that  the  income  of  the  western 
fauna  was  associated  with  the  movements  of  the  Nunda  (Portage)  sedi- 
ments and  fauna,  while  the  Ithaca  fauna  was  associated  more  intimately 
with  the  shif  tings  of  the  fauna  of  the  Hamilton  and  is  purer  to  the  east, 
and  is  more  restricted,  both  in  species  and  in  range,  as  it  is  followed 
westward  across  the  States  of  Pennsylvania  and  New  York. 

Regarding  the  representatives  of  the  western  interior  fauna,  it  may 
be  said  that,  according  to  the  present  evidences,  the  Reticulata  was 
the  first  to  appear  in  this  eastern  area;  then  came  Pugnax  and  Pro- 
ducteUa  Iknllama^  and  at  a  still  later  incursion,  Strophondla  and  Spiri- 
fer  disjimctm  were  added. 

It  will  be  observed  that  species  Ectetiodesma  hirostratum  and  Glyp- 
todes^iim  erectum  and  two  species  of  Bdlerophon  also  appear  in  these 
upper  faunules. 

But,  as  Doctor  Kindle  has  already  noted,  throughout  this  whole 
fossiliferous  zone  of  the  Catawissa  section,  up  to  the  appearance  of 
the  chamcteristic  red  sediment  of  the  Catskills,  no  characteristic  Che- 
mung species  have  been  discovered.  Using  the  Ithaca  section  as  a 
standard,  the  Catawissa  section,  up  to  zone  40  (by  the  fossils),  and  pre- 
sumably up  to  the  base  of  the  red  bed  48,  must  be  correlated  with  the 
Hamilton,  Genesee,  and  Nunda  (including  the  Ithaca  member  in  the 
latter)  formations. *»  Faunally  the  evidence  of  the  Chemung  formation 
must  be  looked  for  in  the  still  higher  strata. 

THE  HOIiliOWIJ^G  RITN^  SECTION,  NORTHUMBBRIiAXD 

COUNTY,  PA. 

DESCRIPTION. 

By  E.  M.  Ktndlb. 

A  second  section  was  selected  for  detailed  study  on  Susquehanna 
River,  25  miles  southwest  of  the  Catawissa  section. 

The  Pennsylvania  survey,  in  rejwrting  upon  this  section,  announced 
the  occurrence  in  it  of  Spinfer  disjmictus  "in  great  numbers,"*  and 
correlated  all  the  beds  above  the  "Genesee"  as '^Chemung."  This 
particular  section  was  subjected  to  investigation  partly  in  order  to  test 

(f  The  name  "  Nunda  formation."  Including  the  Ithaca  member,  has  bt*en  adopted  in  the  Watkins 
(>len  folio  (now  in  preparation)  to  deHlgnatc  what  lias  heretofore  been  called  the  Portage,  or 
Nunda,  Kroup.    November,  1904.    H.  8.  W. 

f> Second  Pennsylvania  Oeol.  Survey  Kept.,  Q  7,  p.  3&6. 


WILLIAMS  AND 
KINDLE. 


]  HOLLOWINO    BUN    SKCTUm.  87 


the  correctness  of  this  correlation.  It  was  desired  also  to  compare  the 
vertical  i-ange  of  the  species  occurring  in  it  with  those  of  the  Cata- 
wissa  and  other  sections,  to  ascertain  the  variation  of  the  faunas,  and 
to  learn  whether  any  new  faunal  province  appearexl  in  that  direction. 

For  10  miles  or  more  below  Selinsgrove  the  Susquehanna  River  cuts 
across  the  folds  of  the  Paleozoic  rocks,  approximately  at  right  angles 
to  the  strike.  A  very  good  section  is  exposed  on  the  east  bank  of  the 
river,  between  the  mouth  of  Hollowing  Run  and  Selinsgrove  tfunction, 
extendmg  down  to  the  Salina.  The  beds  dip  to  the  south  at  from  35° 
to  45°.     The  strike  is  S.  70°  W.  magnetic. 

Only  the  upper  Devonian  part  of  this  section  was  studied  b}'  the 
writer.  Beginning  with  the  lowest  beds  studied,  the  section  exposed 
along  the  railway  is  as  follows: 

Section  1454  A,  at  HoUowing  Run,  Pa. 

Ft.    in. 

29.  Tough  olive  sandy  shale  with  few  fossils 20  0 

28.  Tough  olive  sandy  shale  with  fossils 10  0 

27.  Hard  olive  to  grayish  sandy  beds,  apparently  barren 70  0 

26.  Hard  olive-grayish  sandy  beds  with  fossils 10  0 

25.  Shaly  dark  olive  sandy  beds  with  occasional  bands  of  crinoid  stems  and 

Stictopora 170  0 

24.  Olive-gray  sandy  shale 5  0 

28.  Dark  olive  sandy  betis 65  0 

22.  B&nd  of  Stictopora 0  2 

21.  Dark  olive  sandy  beds 100  0 

20.  Hard  olive-gray  sandy  beds  with  fossils 10  0 

19.  Hard  olive-gray  sandy  beds 90  0 

18.  Be<l  of  closely  crowde<i  shells 0  4 

17.  Bluish-gray  hard   sandy  beds,  weathering  brownish,  with  occasional 

fossils 125  0 

16.  Bluish-gray  shaly  sandy  beds  with  lamellibranch  fauna 5  0 

15.  Dark  gray  sandy  shales 50  0 

14.  Dark  gray  shaly  sandstone,  weathering  splintery 10  0 

13.  Dark  bluish  sandy  shale  and  thin-bedded  sandstone,  apparently  l)arren.'  200  0 

12.  Same  as  above,  but  containing  a  few  fossils 20  0 

11.  Dark  bluish  somewhat  sandy  shale 30  0 

10.  Dark  bluish-gray  shales  with  some  hard  intercalated  sandy  beds 110  0 

9.  Covered  285  paces,  estimated  thickness 400  0 

8.  Bluiflh-gray  shale 5  0 

7.  Covered 18  0 

6.  Dark  fossiliferous  shale *. 5  0 

5.  Dark  somewhat  sandy  shale 220  0 

4.  Covered  for  40  paces,  estimated  thickness 75  0 

3.  Dark  sandy  shales  with  ferruginous  concretions 90  0 

2.  Dark  sandy  shales 15  0 

1.  Dark  sandy  shale  and  yellow  sandstone 35  0 

1,963    6 
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FAUNULES  OF  THE  HOLLOWING  RUN  SECTION. 

By  E.  M.  Kindle. 

Zones  IS  ofHoUmmng  Run  section  {14^4-  A)- — The  dark  shales  of  the 
upper  five  of  these  zones  contain  Spirifer  pennatm^  -Tropidoleptus 
carinatvSj  Chon^tes  coronatiis^  and  other  characteristic  species  of  the 
Hamilton  formation  in  abundance.  The  purpose  of  the  present  inves- 
tigation being  the  study  of  the  faunas  above  the  Hamilton,  to  which 
these  zones  belong,  detailed  collections  were  not  made  from  them. 

Zon^9  of  Ilolloioing  Run  section  {l^SJ^A). — This  zone  is  concealed. 
The  400  feet  which  White  estimated  it  to  represent  probably  include 
the  Genesee  shales  and  some  of  the  Hamilton  beds. 

Zon£  10  of  HoUovring  Run  sectiwi  {HSJi  A). — The  110  feet  of  beds  of 
this  zone  appear  to  be  entirely  barren.  Their  lithological  characters, 
together  with  their  position  in  the  section,  indicate  that  they  belong 
to  the  Nunda  (Portage)  formation. 

Zone  11  of  Hollowing  Run  section  {IJfSJ^A). — The  30  feet  of  shales 
of  this  zone  hold  the  following  faunule: 

Thunule  of  zone  11  of  Hollowing  Run  section  (14S4A), 
[a,  abiiDdant;  c,  common;  r,  rare.] 


1.  Cladochonus  sp.  (r). 

2.  Stropheorlonta  (Leptostrophia)  inter- 

etrialis  (a). 


3.  Buchiola  Bpecioea  (c). 

4.  Palseoneilo  filoaa  (r). 

5.  Macrodon  cf.  hamUtoiiise  (r). 


This  faunule,  like  the  following,  is  distinctly  Nunda  in  composition. 
Zons  12  of  Holl<yiring  Run  section  {IJifH  A), — This  zone  contains  the 
following  faimule: 

FdtmuU  of  zone  12  of  HotUmnng  Run  section  (14^4  A), 

0 

[v.,  common;  r,  rare.] 


1.  Auloporasp.  (c). 

2.  Reticularia  laevis  (r). 

3.  Leda  di  versa  (r). 


4.  ColeoluB  acicnla  (r). 

5.  Orthoceras  bebrj'x  var.  cayuga  (r), 

6.  Goniatites  sp.  (r). 


Retieuhma  leevis  is  represented  by  two  well-preserved  individuals. 
The  beds  containing  this  interesting  species  outcrop  22  paces  above 
milepost  132. 

Z(^?ie  13  if  ITolUyirrng  Run  section  {14^'4  ^0- — The  200  feet  following 
the  last  zone  appears  to  be  barren. 

Zon£  H  of  ITollmm/ng  Run  section  {H54  A), — This  zone  contains  the 
following  species: 
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Fnunule  of  zmie  14  of  HoUauHng  Run  section  (14S4  -^1)« 

[a,  abundant;  r,  rare.] 


1.  CladochonuB  sp.  (r). 

2.  Crinoid  stems  (r). 

3.  Schizophoriastriatula  (r). 

4.  Leiorhynchus  mesicostale  (a). 

5.  Grammysia  sp.  (r). 


6.  Nuculasp.  (r). 

7.  Modiomorpha  cf.  neglecta  (r). 

8.  M.  subalata  var.  chemungensis  (r). 

9.  Pleurotomaria  capillaria  (r). 
10.  Manticoceras  sp. 


Zone  15  oflloUowing  Run  nectl/m  (1454  ^'i)« — No  fossils  were  obtained 
from  this  zone,  which  appears  to  be  nearl}^  barren. 

Zon<}  16  ofllollommy  Run  section  {1454  ^)- — Five  feet  of  shaly  beds 
afford  the  following  faunule: 

Faunule  of  zone  16  of  HoUavAng  Run  section  {1 454  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Cladochonas  sp.  (r). 

2.  Crinoid  stems  (c). 

3.  Cystodictya  meeki  (c)- 

4.  Stropheodonta  ( Le])to8trophia)  inter- 

strialis  (a). 

5.  Chonetes  scitulus  (c). 

6.  Productella  hallana  (r). 

7.  P.  speciosa  (c). 

8.  Pugnax  pugniis  (c). 

9.  Cryptonella  cf.  eudora  (r). 

10.  Atrypa  reticularis  (('). 

11.  Cyrtina  hamiltonensis  (c). 

12.  Spirifer  pennatus  var.  post«rus  (a). 

13.  Grammysia  subarcuata  (r). 

14.  G.  sp.  (r). 

15.  Spathella  typica  (r). 

16.  Nuculacorbaliformis  (r). 


17.  Paleeoneilo  plana  (r). 

18.  Leda  cf.  obscura  (r). 

19.  Mytilarcacarinata  (r). 

20.  Actinopteria  epsilou  (r). 

21.  Schizodus  chf^niungensis  var.   quad- 

rangiilaris  (r). 

22.  Pterinopect<*n  sp.  (c). 

23.  Modiomorpha  subalata  (r). 

24.  M.  subalata  var.  chemungensis  (r). 

25.  Murchisonia  sp.  (r). 

26.  Platyceras  cf.  conicum  (r). 

(One  small  individual  is  referred 
doubtfully  to  this  species.) 

27.  Tentaculites  spiculus  (r). 

28.  Coleolus  acicula  (c). 

29.  IVIanticoceras  complanatum  (c). 
10.  M.  sp. 


This  faunule  displays  very  clearly  the  characteristics  of  the  Ithaca 
fauna.  All  of  the  brachiopods  occur  in  the  Ithaca  fauna,  and  most  of 
the  other  species  are  known  in  it.  The  presence  of  Productella 
hallumi^  a  rare  species  in  eastern  faunas,  is  noteworthy. 

Zone  17  of  Hollaiohuj  Run  nectlon  {1454  ^^)- — On^  hundred  and 
twenty -five  feet  of  sandy  beds,  containing  very  few  fossils,  succeed 
the  last  zone. 

Zone  18  of  Hollowing  Run  section  {1454  -4). — At  the  top  of  zone  17 
are  4  inches  of  closely  crowded  shells,  which  contain  the  following 
species: 

Faunule  of  zone  18  of  HoUofving  Run  section  (14S4A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta  (Leptostrophia)  inter- 

strialis  (c). 

2.  Prodnctella  speciosa  (c). 

3.  Schizophoria  striatula  (a). 

4.  Cryptonella  eudora  (r). 


5.  Atrypa  reticularis  (a). 

6.  Cyrtina  ham iltonensis  (a). 

7.  Spirifer  pennatus  var.  posterns  (a). 

8.  Nuculacf.  corbuliformis  (r). 


be  noted  that  Pugnax  pttgn-u«  occurs  repeatedly  in  this  section,  as  it 
doG»  in  the  Catawissa  and  Ithaca  sections. 

ZoTU}  23  of  HoUmchuj  Run  section  {14^4.  A). — Above  zone  22  are  fi.'i 
feet  of  sandy  beda,  holding  few  fossils. 

Zofi^e  ^i  of  Ilollowinij  Ru»  section  (i^.5i  ^4).  —The  following  species 
are  from  5  feet  of  olive-gray  shales: 

FaumiU  of  zone  S4  of  HoUoming  Rim  MCtion  {1454  A ) 

1.  BtroplicodonlH  ( Leptostrophia)  intfrstrialie,  (common)' 

2.  S<^hizophoria  etriatiila  {abuixlanl.) . 
:).  Atrypa  reticalaris  (oommon). 

Zone 25  of  Ildloirl mj  /inn  section  {14^4  A). — One  hundred  and  tio\- 
enty  feet  of  dark  olive  sandy  beds,  barren,  except  for  occasional  baiicts 
of  crinoid  stems  or  Cyntodictya,  follow  the  last  zone. 

Zone,  26of  HoUowing  Run  section  {lJf.54  ^).— The  10  feet  of  l>cds 
comprising  this  zone  afforded  only  a  single  species,  Schizophorla 
strlaiula  which  is  rare. 

Zone  27  of  /following  Run  sectum  Ui^i  J).— Sandy  beds,  70  feet 
thick  and  apparently  barren,  follow  the  last  zone. 

Zone  28  of  HoUoicing  Rnn  MCtUm\145^  A). — Only  two  species.  Pn- 
iiiiet,'Uii  cf.  ipeciij^a  and  Airi/pa  cf.  retwiUarie,  could  be  recognized  in 
this  zone.     They  are  rare. 
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Z(me  19  of  Ilollmning  Run  na^twri  {IJ^J^  A), — The  90  feet  of  beds 
above  zone  18  contain  few  fo88ils. 

Zone  W  of  HoUowimj  Run  section  {14S4'  A). — The  species  comprising 
the  faunule  of  this  zone  are  the  following: 

tbunuU  of  zone  20  of  Hollowing  Run  section  {1454  ^  )• 
[a,  abundant;  c,  common;  r.  rare.] 


1.  Cystodictya  meeki  (a). 

2.  Stropheodonta  (Leptostrophia)  inter- 

strialis  (r). 

3.  Atrypa  reticularis  (c). 

4.  Spirifer  pennatns  var.  posterns  (a). 


5.  Spathella  typica  (r). 

6.  Palasoneilo  plana  (r). 

7.  Macrodon  sp.  nov.  (r). 

8.  Pterineacf.  reproba  (r.) 


Zone  21  of  Holloioing  Run  8ectio7i  {HSJi>  A). — About  100  feet  of 
dark-olive  sandstone,  having  very  few  fossils,  follow  the  last  zone. 

Zone  22  of  HoUmoimj  Rxvn  section  {14^4>  A). — A  2-inch  band,  com- 
posed principally  of  a  mass  of  Cystodictya.  affords  the  following  species: 

Faunxde  of  zone  2S  of  HoUowing  Run  section  ( 1454  A ) . 

[a,  abundant;  r,  rare.] 


1.  Cystodictya  meeki  (a). 

2.  Crinoid  stems  (r). 

3.  Productella  speciosa  (r). 


4.  Pugnax  pugnus  (r). 

5.  Cyrtina  hamiltonensis  (r). 

6.  Palseoneilo  sp.  (r). 


These  species  are  all  forms  well  known  in  the  Ithaca  fauna.  It  is  to 
be  noted  that  Pugnax  pttgniis  occurs  repeatedly  in  this  section,  as  it 
does  in  the  Catawissa  and  Ithaca  sections. 

Zons  23  of  Rollowbig  Run  sectimi  {HSlf,  A). — Above  zone  22  are  65 
feet  of  sandy  beds,  holding  few  fossils. 

Zone  24-  of  Holhtwimxj  Run  section  {HSJ^,  A). — ^The  following  species 
are  from  5  feet  of  olive-gray  shales: 

Faunule  of  zoive  24  of  HoUoumg  Run  sectiofi  (1454  A) 

1.  Stropheodonta  (Tjeptostrophia)  interstrialis,  (common). 

2.  Schizophoria striatula  (abundant). 

3.  Atrypa  reticularis  (common). 

Zmie  25  ofllollowlng  Ran  section  {HSJf,  A). — One  hundred  and  sev- 
enty feet  of  dark  olive  sandy  beds,  barren,  except  for  occasional  band.s 
of  crinoid  stems  or  Cystodictya^  follow  the  last  zone. 

Zone  26  of  EoUomng  Run  sectim\  {HS^  A). — ^The  10  feet  of  beds 
comprising  this  zone  afforded  only  a  single  species,  Schizophoriu 
striatula  which  is  rare. 

Zone  27  of  Ilollmoing  Run  sectimi  {IJiSJf,  A). — Sandy  beds,  70  feet 
thick  and  apparently  barren,  follow  the  last  zone. 

Zone  28  of  Hollowing  Run  sectum  {1^54^  A). — Only  two  species,  Pro- 
ductella  cf .  speciosa  and  Atrypa  cf .  reticularis,  could  be  recognized  in 
this  zone.    They  are  rare. 
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Zone  29  of  IloUowing  Bun  section  (14^4  A). — ^Twenty  feet  of  tough 
olive  sandy  shale,  apparently  barren  of  fossils,  terminate  the  section. 

Exposures  cease  before  the  "red  beds"  are  reached.  South  of 
Hollowing  Run  no  important  outcrops  appear  until  the  axis  of  Little 
Mountain  is  passed,  when  the  red  Catskill  beds,  on  the  south  side  of 
the  syncline,  are  seen  dipping  to  the  north. 

PORMATIONAL  CORRELATION  OF  HOLLOWING  RUN  SECTION. 

By  E.  M.  KiKDLE. 

The  bearing  of  the  detailed  paleontological  data  given  in  the  preced- 
ing pages  on  the  correlation  of  the  section  may  be  briefly  summed  up. 

Zones  11  and  12  of  the  writer's  section  represent  a  portion  of  No.  8 
of  White's  section,  which  he  called  the  "Genesee  shale."  These  beds 
I  have  been  found  to  hold  a  fauna  which  is  distinctively  Nunda.  The 
physical  characteristics  of  the  beds,  which  are  hard  and  slaty  instead 
of  fissile,  confirm  the  evidence  of  the  fossils  and  indicate  that  the  lower 
beds  of  the  section  above  the  concealed  interval  (No.  9)  should  be 
referred  to  the  Nunda  formation. 

The  beds  above  the  Genesee  shale  of  White  were  referred  bv  him 
to  the  Chemung.*  The  supposed  discovery  of  Splrifer  disjun^^tfut  in 
the  section  was  apparently  the  reason  for  this  correlation.  A  careful 
examination  of  every  part  of  the  section  by  the  writer  failed  to  dis- 
cover any  trace  of  that  species.  Since  it  was  reported  to  occur  in 
great  numbers,  it  could  hardly  have  been  overlooked.  The  fauna 
which  was  secured  at  this  horizon  has  such  a  distinctly  Ithaca  charac- 
ter that  it  is  nearly  certain  that  the  determination  of  the  form  list^ed 
as  /Sp.  disjunctits  by  White  was  an  error.  The  presence  of  such 
species  as  Sp.  pennatus  var.  posterns^  Productella  npeclosa^  and  Stw- 
pheodonta  {Leptoatrophid)  interHtrialis^  together  with  the  a])sence  of 
characteristic  Chemung  species,  affords  satisfactory  and  precise  data  for 
correlating  with  the  Nunda  (Portage)  formation,  including  the  Ithaca 
member,  all  of  this  section  lying  above  the  Genesee,  which  appears  to 
belong  in  the  concealed  interval. 

No  very  striking  differences  appear  between  this  section  and  the 
Catawissa  section.  On  the  contrary,  there  are  some  interesting 
similarities.  The  comparatively  rare  forms  Retlcnlarin  li^r!i<  and 
l\vgnax pugmi^  are  found  in  both  sections.  A  few  recurrent  Hamilton 
species  occur  in  each.  Cyrtina  hamiltantnsU  is  common  in  both  sec- 
tions. No  notable  geographical  changes  in  the  faunas  appear,  both 
sections  belonging  to  the  same  faunal  province. 

a  Second  PennBylvania  Qeol.  Surrey,  Kept.,  G  7,  p.  360. 
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COMMENTS   ON   THE    PALEONTOLOGY  OF  THE  HOLLOWING  RUN 

SECTION. 

By  H.  8.  Williams. 

The  main  fauna,  ranging  from  zone  11  to  28  of  this  section,  presents 
a  general  similarity  to  the  fauna  in  the  middle  part  (zones  10  to  83)  of 
the  Catawissa  section.  If  the  horizons  in  which  Reticvlaria  l-aevU 
first  occurs  be  regarded  as  equivalent  in  the  two  sections,  the  100-foot 
portion  of  the  Catawissa  section,  including  zones  21  to  26,  is  separated 
from  the  Heticularia  Isevls  zone  by  something  over  300  feet,  the  corre- 
sponding 100-foot  portion  of  the  Hollowing  Run  section  contains  a 
typical  Ithaca  fauna,  and  the  central  part  of  the  typical  fauna  of  the 
Ithaca  member  lies  about  the  same  distance  above  the  conspicuous 
Retioularia  Ixim  zone  at  the  foot  of  Fall  Creek  section  at  Ithaca.  It 
is  to  be  noted  that  Prod^icteUa  haUana  occurs  with  Pugnax  pugnus  in 
zone  16,  as  is  the  case  in  the  typical  Ithaca  fauna  of  Ithaca.^ 

This  upper  fauna  of  the  Hollowing  Run  section  can  be  thus  undoubt- 
edly correlated  with  the  fauna  of  the  Ithaca  member  of  the  Nunda 
(Portage)  formation.  The  association  with  it  of  such  forms  as  Olado- 
chanus^  Bitch  tola  Hpevlma^  and  Goniutiteif  indicate  the  mingling  of 
species  of  the  typical  Nunda  sedimentation  with  the  richer  Ithaca 
fauna. 

THE   liEROY   SECTION,  BRADFORD  COUNTY,  PA. 

Leroy  is  in  Bradford  County,  Pa.,  about  22  miles  south  of  the  New 
York  line.  It  is  about  midway  between  the  previously  described  Cata- 
wissa section  and  Ithaca,  N.  Y.,  but  lies  a  few  miles  to  the  west  of  a 
north-south  line  connecting  these  points.  Four  sections  in  the  vicinity 
of  Leroy,  which  together  exhibit  nearly  all  of  the  outcropping  beds  to 
the  Pennsylvanian  series,  have  been  carefully  measured,  and  taken 
together  are  called  the  Leroy  section.  These  subsections,  which  will 
be  described  separately,  are  the  Gulf  Brook,  Granville  Center, 
Towanda  Narrows,  and  South  Mountain  sections. 

THE  QULF  BROOK  SECTION. 
By  E.  M.  KiNDLK. 

Gulf  Brook  enters  the  valley  of  Towanda  Creek  at  Lero\%  througli 
a  post-Glacial  gorge  which  cuts  directly  across  the  strike  of  the  Che- 
mung rocks,  exposing  a  section  which  the  State  geologist  of  Pennsyl- 
vania has  called  "the  best  section  of  the  formation  that  we  Imve  in 
Pennsylvania."  « 

a  Bull.  U.  8.  Geol.  Survey  No.  3,  pp.  1^19. 

bBummary  Final  Bept  Second  PennBylvaoia  Oeol.  Surrey,  yoI.  2,  p.  144& 
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Mr.  A.  T.  Lilley,  of  Leroy,  published  a  description  of  the  Gulf 
Brook  section  in  1886.^  Lilley's  section  was  republished  by  Lesley  in 
1892.*  The  writer  is  indebted  to  Mr.  Lilley,  who  generously  assisted 
in  remeasuring  and  in  collecting  from  the  several  zones  of  the  section. 
Beds  63  to  66  of  Lilley's  section  are  omitted  from  the  present  section, 
since  it  is  intended  to  include  only  those  shown  in  the  continuous  sec- 
tion of  Gulf  Brook  Gorge.  The  position  of  these  beds  with  reference 
to  the  rest  of  the  section,  moreover,  is  problematicaU  since  they  out- 
crop in  a  horizontal  position  about  2  miles  north  of  the  Gulf  Brook 
Gorge,  near  the  axis  of  the  Towanda  anticline.  The  beds  of  the 
Leroy  section  dip  to  the  south  at  angles  varying  from  a  maximum  of 
60^  or  more  at  the  south  end  of  the  gorge  to  5°  or  6^  at  the  north  end, 
and  expose  the  following  strata: 

Section  1455  A  at  Gulf  Brook,  Bradford  County ,  Pa, 

Ft.    In. 

99.  Olive-gray  sandy  shale 90  0 

98.  Olive-gray  flags 12  0 

97.  Olive-gray  sandy  shale 40  0 

96.  Calcareoos  gray  sandstone 1  0 

95.  Brownish  to  olive,  thin-bedded  sandstone 6  0 

94.  Olive  sandy  shale  and  thin-bedded  sandstone 20  0 

93.  Hard  gray  flagstone 8  0 

92.  Olive  sandy  shale 28  0 

91.  Reddish  and  gray  sandy  beds 10  0 

90.  Reddish  sandy  beds :...  14  0 

89.  Olive-gray  shelly  sandstone 12  0 

88.  Olive-green  sandy  shale 9  0 

87.  Gray  limestone 0  4 

86.  Argillaceous  green  and  reddish  shale 7  0 

85.  Hard  dark-red  and  mottled  red  and  green  bed 3  0 

84.  Soft  ai^llaceous  red  shale 3  0 

83.  Covered 15  0 

82.  Hard  red  sandy  beds 5  0 

81.  Dark-red  ferruginous  beds 3  6 

80.  Dark-red  to  greenish  sandy  beds 6  0 

79.  Dark-red  low-grade  iron  ore 3  6 

78.  Dark-red  to  purple  and  gray  sandy  beds 9  0 

77.  Greenish  shale  and  hard  bluish-gray  thin-bedded  sandstone 20  0 

76.  Dark-colored  shale  with  bands  of  iron  ore 4  0 

75.  Reddish  crinoidal  limestone 3  0 

74.  Olive  sandy  shale 8  6 

73.  Reddish  limestone 10  0 

72.  Olive-gray  sandy  shale  with  calcareous  bands 17  0 

71.  Olive-green  shaly  sandstone,  weathering  brown,  containing  small  chalco- 

pyrite  crystals 3  6 

70.  Hard  bluish-gray  to  olive  sandstone 20  0 

69.  Reddish  to  gray  sandstone  with  limestone  bands 4  0 

68.  Olive-gray  riialy  sandstone 20  0 

a  Proc.  Am.  Fhllo0.  Soc.,  vol.  28,  pp.  291-298. 

6  Summary  Final  Rept.  Second  Penneylyanla  Oeol.  Survey,  vol.  2,  pp.  144ft-1450. 

Bull.  244— 05 7 
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Ft.  Id. 

67.  Black  ferruginous  sandstone 5  0 

66.  Olive-gray  sandy  shale  and  shaly  sandstone 9  0 

65.  Dark  jcreenish-purple  limestone 4  0 

64.  Greenish-gray  shaly  sandstone  and  shale 15  0 

63.  Cross-bedded  purple  limestone 5  0 

62.  Reddish-firown  sandy  beds  with  calcareous  band  near  middle 4  6 

61.  Olive-gray  thin-bedded  sandstone,  rough-bedded,  with  occasional  dull- 
brownish  beds  (topof  fall) 27  0 

60.  Dark-purple  sandstone 2  0 

59.  Gray  sandstone 2  0 

58.  Gray  limestone  with  shell  fragments  abundant 1  0 

57.  Grayish-drab  shaly  sandstone 9  0 

56.  Dark-purple  sandstone 2  0 

55.  Greenish  sandstone 2  0 

54.  Reddish-brown  sandstone  with  crinoid  stems 1  0 

53.  Shaly  olive-gray  sandstone 9  0 

52.  Red  highly  ferruginous  bed  with  crinoid  stems  and  shell  fragments 3  0 

51.  Dark  brownish-purple  sandstone  with  shell  fragments  and  crinoid  stems..  8  0 

50.  Tough  thin-bedded  olive-gray  sandstone 13  0 

49.  Tough  thin-bedded  olive-gray  sandstone 10  0 

48.  Shaly  sandstone  and  shale  with  occasional  beds  of  hard  sandstone  .  ^ 55  0 

47.  Tough  thin-bedded  sandstone  and  hard  sandy  shale 5  0 

46.  Dark-gray  to  olive-green  sandy  shale  and  shaly  sandstone 100  0 

45.  Bluish  drab  sandy  shale  with  two  bands  of  shaly  sandstone  10  inches 

thick,  containing  lowest  Spirifer  di^juncius 10  0 

44.  Grayish-drab  sandy  shale  and  shaly  sandstone  with  lai^  concretions 

near  base 65  0 

43.  Hard  sandy  drab-colored  shale 6  0 

42.  Shaly  grayish-drab  sandstone 70  0 

41 .  Hard  greenish  thin-bedded,  ripple-marked  sandstone 35  0 

40.  Grayish-drab  shaly  sandstone 75  0 

39.   (Upper  part)  Drab  thin-bedded  sandstone  and  shale 15  0 

38.  Gray  limestone  composed  of  shell  fragments 2  0 

37.  Bluish-drab  sandstone  and  shale 50  0 

36.  Bluish-gray  shale  with  hard  sandstone  layers  at  intervals 15  0 

35.  Olive-gray  shale 6  0 

34.  Dark  sandy  shale  and  shaly  sandstone 25  0 

33.  ( Near  middle)  Dark-gray  to  bluish  shaly  sandstone  and  shale 60  0 

32,  Dark  shale 4  0 

31.  Tough  olive-colored  sandstone 2  6 

30.  Thin-bedded  gray  sandstone 33  0 

29.  Dark  bluish-gray  shale 15  0 

28.  Bluish  shal V  sandstone  with  crinoid  stems 4  0 

27.  Dark  bluish-gray  sandy  shale  with  bands  of  sandstone 14  0 

26.  Grayish- brown  fine-grained  sandstone 1  8 

25.  Dark-grayish  sandy  shale 6  0 

24.  Bluish-gray  limestone 0  6 

23.  Dark  sandy  shale  and  shaly  sandstone 8  0 

22.  Bluish-gray  shale  and  shaly  sandstone 9  0 

21.  Bluish-gray  sandy  shale 12  0 

20.  Bluish-gray  flags 10  0 

19.  Covered  (to  mouth  of  gorge) 10  0 
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18.  Dark-gray  sandy  shale  and  flags 14  0 

17.  Bluish-gray  sandy  shale 1  3 

16.  Hard  bluish-gray  sandstone 1  6 

15.  Dark  bluish-gray  shale 3  0 

14.  Dark  bluish-gray  sandy  shale,  partly  covered 12  0 

13.  Bluish-gray  hard  sandy  limestone 0  9 

12.  Olive-gray  sandy  shale 6  0 

11.  Covered  (to  forks  of  brook) 60  0 

10.  Soft  olive-green  shale  nearly  barren  of  fossils 20  0 

9.  Soft  olive-green  shale 3  0 

8.  Hard  olive-green  sandstone 0  6 

7.  Soft  olive-green  shale,  interstratified  with  harder  sandy  beds 10  0 

6.  Soft  olive-green  sandy  shale 6  0 

5.  Covered  and  sandstone 3  6 

4.  Hard  flaggy  dark-brown  sandstone 0  6 

3.  Covered 4  0 

2.  Hard  sandy  olive  shale 0  6 

1.  Soft  olive-gray  clay  shale 1  6 

The  most  important  stratigraphical  feature  of  the  Gulf  Brook  section 
is  the  belt  of  limestone  bands  associated  with  purple  shales  and  sand* 
stones  in  the  upper  part  of  the  section,  comprising  zones  58  to  75. 
This  limestone  belt  is  a  constant  feature  over  most  of  the  western  half 
of  Bradford  County,  where  it  affords  a  most  important  key  to  the 
stratigraphy  of  the  region.  Sherwood  applied  the  name  Burlington 
limestone  to  its  outcrops  on  the  north  side  of  the  Towanda  anticline 
near  Burlington. <*  Since  this  name  is  preoccupied  for  a  division  of  the 
Carboniferous  of  the  Mississippi  Valley,  it  is  proposed  to  substitute 
the  name  Franklindale,  because  the  beds  are  best  exposed  in  the  Gulf 
Brook  section  west  of  Franklindale. 

Although  the  section  shows  no  conglomorate  horizon,  a  6-foot  bed 
of  coarse  conglomerate  caps  a  hill  about  a  mile  west  of  the  section. 
This  conglomerate  lies  perhaps  300  feet  below  the  Franklindale  beds, 
which  outcrop  near  it. 

A  band  of  conglomerate  8  or  10  inches  thick  outcrops  one-third  of 
a  mile  east  of  Gulf  Brook,  which  lies  a  very  little  higher  than  the 
highest  zone  of  that  section. 

In  the  road,  li  miles  west  of  Leroy,  is  an  outcrop  of  a  bed  of  iron 
ore  which  was  supposed  by  Sherwood  to  be  identical  with  a  bed 
exposed  near  the  top  of  the  Gulf  Brook  section.*  Claypole^^has 
clearly  shown  that  it  lies,  as  Lilley  first  pointed  out,  at  a  considerably 
higher  horizon,  which  he  estimated  at  "perhaps  250  feet."  The 
writer's  measurements  show  a  thickness  of  284  feet  of  strata  in  the 
Gulf  Brook  section  above  the  highest  bed  that  approaches  an  ore 
in  composition.    The  ore  in  question  must  therefore  lie  at  Leroy  some- 

o  Second  Peiinsylvania  Geol.  Survey,  Rept.  G  97, 

Mbld.,  p.  36. 

cproc.  Am.  Philos.  Soc.,  vol.  20, 1888,  p.  680. 
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where  in  the  concealed  interval  which  separates  the  Gulf  Brook  and 
South  Mountain  sections^  probably  300  feet  or  more  above  the  ferru- 
ginous zone  No.  81  of  the  former  section. 


FAUNULE8  OF  THE  GULF  BROOK  SECTION. 

ZiOne  1  of  Chdf  Brook  section  {lJfS5  A). — ^The  species  found  in  the 
18  inches  of  olive-gray  clay  shale  comprising  the  lowest  zone  of  this 
section  are  as  follows: 

FaunuU  of  zone  1  of  Gulf  Brook  section  {1456  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Crinoid  stems  (r). 

2.  Chonetes  lepidus  (r). 

3.  C.  setigerus  (c). 

4.  Productella  sp.  (r). 

5.  Camarotoechia  cf.  exiraia  (r). 

6.  Ambocodliagregaria  (c). 

7.  Edmondiasubovata  (r). 

8.  Pholadella  radiata  (r). 


9.  Nucula  corbuliformie  (r). 

10.  Palseoneilo  cf.  bisulcata  (r). 

11.  P.  cf.  elongata  (r). 

1 2.  Leptodesma  spinii^erum  ( r ) . 

13.  Cypricardellagregaria  (a). 

14.  Tentaculites  bellulos  (a). 

15.  Conularia  congregata  (r). 


Of  the  13  species  which  are  specifically  identified  in  this  list,  8  have 
been  recorded  from  the  Ithaca  fauna.  Some  of  these,  as  9  and  10,  are 
recurrent  Hamilton  species. 

jZone  2  of  Gvlf  Brook  section  {HS6  A). — The  6-inch  zone  following 
Al  contains  the  following  species: 

FaunuLe  of  zone  2  of  Gvif  Brook  section  (1466  A) . 


[c,  common;  r,  rare.] 


1.  Chonetes  lepidus  (r). 

2.  Camarotoechia  stephani  (r). 

3.  Ambocoelia  gr^aria  (a). 

4.  Leptodesma  spinigerum  (r). 


5.  L.  sp.  (r).' 

6.  Leiopteria  sp.  (r). 

7.  Goniopbora  chemaogensis  (c). 


Zone  3  of  Gvlf  Brook  section  {14S5  A), — ^This  zone  is  concealed. 
2!one  4  of  Giilf  Brook  section  {ll^BB  A), — The  6  inches  of  sandstone 
of  this  zone  holds  the  following  fauna: 

Ihunule  of  zone  4  of  GxUf  Brook  8e<Uion  {1466  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Chonetes  lepidus  (r). 

2.  C.  setigerus  (c). 

3.  Ambocoelia  gregaria  (r). 

4.  Nucula  cf.  bellistriata  (r). 
6.  N.  corbuliformis  (c). 

6.  Palseoneilo  bisulcata  var.  (c). 

7.  P.  constricta  (a). 


8.  P.  perplana  (c). 

9.  P.  plana  (a). 

10.  P.  cf.  tenuistriata  (r). 

11.  Leptodesma  spinigerum  (e). 

12.  Schizodussp.  (r). 

13.  Goniopbora  chemungensis  (r). 

14.  Cypricardellagregaria  (c). 


^    1 
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Zone  5  of  Ovlf  Brook  section  {I4S6  A). — Three  and  a  half  inches  of 
beds  above  zone  4  are  concealed. 

Zon€  6  of  Ghdf  Brook  section  {I4S6  A). — ^The  5  inches  of  soft  olive 
shale  of  this  zone  afford  the  following  species: 

Faunule  of  zone  6  of  Gtdf  Brook  section  ( 1455  A). 

1.  Lingalasp.  (rare). 

2.  Pholadella  radiata  (rare). 

3.  Leptodesma  spinigemm  (abundant). 

The  first  of  these  species  is  extremely  abundant,  practically  exclud- 
ing other  forms.  The  three  individuals  of  the  third  species  are 
smaller  than  specimens  figured  by  Hall.  Radiating  striee  are  absent 
from  one  of  them. 

Zone  7  of  OvJf  Brook  section  (1455  A). — No  fossils  were  collected 
from  this  zone. 

Zone  8  of  Ovlf  Brook  section  (l]i55  A). — ^This  zone  affords  the  fol- 
lowing faunule: 

BauwaU  of  zone  8  of  Gtdf  Brook  section  (1456  A), 
[a,  abundant;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    miicro- 

nata  (r). 

2.  Delthyris  mesicoetalis  (r). 


3.  Ambocoelia  gregaria  (a). 

4.  Goniophora  cheiimngenBis  (r). 


Zone  9  of  Otdf  Brook  section  {1455  A), — The  3  inches  of  shale 
immediately  following  the  last  zone  contain  the  following  species: 

1.  ElymeHasp.  (rare). 

2.  SphenotuB  Bolenoidea  (common). 

3.  Leptodesma  Bpinigerum  (rare). 

2jones  10  to  12  of  Gulf  Brook  section  (1455  A). — No  fossils  were 
obtained  from  these  three  zones. 

Zone  13  of  (hdf  Brook  section  {1455  A)* — ^A  9-inch  band  of  hard 
sandy  limestone  contains  the  following  faunule: 

FhunuU  of  zone  IS  of  Oulf  Brook  section  (1456  A) . 
f  a,  abundant;  c,  common;  r,  rare.]  . 


1.  Trematopora  sp.  (c). 

2.  Chonetes  setigerus  (c). 

3.  Delthyria  mesicostalis  (a) . 


4.  Ambocoelia  gregaria  (a). 

5.  Leptodesma  spinigemm  (r). 

6.  Conularia  sp.  (r). 


J),  mesicostalis  has  a  well-developed  median  septum  in  the  ventral 
valve. 

Zone  14  of  Gvlf  Brook  section  {1^55  A), — No  fossils  were  collected 
from  this  zone. 
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Zone  15  of  Ovlf  Brook  section  {1436  A). — This  zone  contains  the 
following  faunule: 

Faunule  of  zone  16  of  GuLf  Brook  section  (1466  A) . 
[a,  abundant;  c,  common;  r,  rare.] 


7.  Leptodeema  8p.  (r). 

8.  Pal^eoneilo  cf .  emarginata  (r) . 

9.  Oypricardella  cf.  bellifitriata  (r). 

10.  0.  tenuis  (r). 

11.  Conularia  cf.  congregata  (r). 


1.  Pdlophyton  sp.  (r). 

2.  Dig^iomia  alveata?  (c). 

3.  Chonetes  setigerus  (c). 

4.  Amboccelia  gregaria  (c). 

5.  Spathella  typica  (c). 

6.  Paleeanatina  cf.  typa  (r). 

Zones  16  to  19  of  Ghdf  Brook  section  {1^65  A). — Fossils  are  scarce 
in  these  zones.     No  collections  were  made. 

Zone  20  of  Gidf  Brook  section  {1455  A). — Ten  feet  of  flaggy  sand- 
stone afforded  the  three  following  species: 

Faunule  of  zone  iO  of  Ghdf  Brook  section  {1466  A). 

1 .  Prodnctella  arctiroetrata  ( rare ) . 

2.  Ambocoelia  gregaria  (abundant). 

3.  Leptodesma  sp.  (rare). 

Zone  HI  of  Ovlf  Brook' section  {1455  A). — ^This  zone  contains  the 
following  species: 

JFhunule  of  zone  ISl  of  Oulf  Brook  section  ( 1466  A ) . 

1.  Productellaspeciosa  (rare). 

2.  Delthyris  mesicostalis  (common). 

3.  Ambocoelia  gregaria  (abundant). 

The  specimens  of  D.  mesicostalis  show  a  double  fold  on  the  brachial 
valve  and  a  plication  in  the  sinus. 

Zone  22  of  Ghdf  Brook  section  {1455  A). — ^The  faunule  of  this  zone 
includes  the  following  forms: 

Faunvle  of  zone  $)S  of  QuLf  Brook  section  {1466  A ). 

1.  Ortbothetes  cf.  chemungensis  (rare). 

2.  Prodnctella  specioea  (common). 

3.  Delthyris  mesicostalis  (common). 

Zone  23  of  Ovlf  Brook  section  {1455  A), — ^This  zone  afforded  no 
fossils. 

Zone  24  of  Chdf  Brook  section  {1455  A). — A  6-inch  band  of  lime- 
stone contains  the  following  faunule: 

FauniUe  of  zone  24  of  Qvlf  Brook  section  (1466  A). 
ffti  abundant;  c,  common;  r,  rare.l 


1.  Ortbothetes  chemungensis  (r). 

2.  Chonetes  sp.  (r). 

3.  Productella  speciosa  (r). 

4.  Dalmanella  carinata  (c). 

5.  Atrypa  spinoea  (r). 

6.  Spirifer  mesistrialis. 

7.  Delthyris  mesicostalis  (c). 


8.  Ambocoelia  gregaria  (a). 

9.  Palseoneilo  bisulcata  (r). 

10.  Groniophora  cf.  chemungensis  (r). 

11.  Orthoceras  sp.  (r). 

12.  Dinichthys  cf.  tuberculatus  (c). 

13.  Onychodus  sp.  (r). 
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The  occurrence  in  this  zone  of  8p.  mesiatrialis^  associated  with  D, 
mesicostalis^  is  noteworthy  since  in  normal  sections  the  first  form  pre- 
cedes the  latter,  the  reverse  of  the  order  of  their  appearance  in  this 
section.     The  two  forms  have  been  very  seldom  found  in  association. 

Zones  25  and  26  of  Oidf  Brook  section  {H56  ^).— The  26  feet  of 
beds  comprising  these  zones  are  nearly  barren  of  fossils. 

Zone  27  of  Gulf  Brook  section  {I4S6  A). — This  zone  contains  the  fol- 
lowing species: 

Faunule  of  zone  €7  of  Qulf  Brook  section  ( 1455  A ) . 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    miicro- 

nata  (r). 

2.  Chonetes  eetigems  (a). 

3.  Spirifer  mesiBtrialis  (r). 


4.  Delthyris  mesicoetalis  (r). 

5.  Ambocceliagr^^aria  (a). 

6.  Leptodeema  cf.  Bpinigerum  (c). 


Zone  28  of  Ghdf  Brook  section  {I4S6  A). — Crinoid  stems  are  the  only 
fossils  recognized  in  this  zone. 

Zone  29  of  Gtdf  Brook  section  {HB5  A). — Fossils  are  scarce  at  this 
horizon;  the  following  species  occur  rarely: 

FounuU  of  zone  29  of  Gulf  Brook  section  (1455  A  ). 


1.  Crinoid  stems. 

2.  Chonetes  setigerus. 


3.  Camarotoechia  sp. 

4.  Palseoneilo  sp. 


Zones  30  to  32  of  Oulf  Brook  section  (14S6  ^).— These  beds  are 
nearly  barren  of  fossil  remains. 

2!one  33  of  Gttlf  Brook  section  {14S5  A), — Fossils  are  scarce  at  this 
horizon,  only  three  species  being  secured,  namely: 

Fhunule  of  zone  SS  of  Gutf  Brook  section  {1455  A). 

1.  Oiihothetes  chemungensis  (rare). 

2.  Productella  dpeciosa  (common). 

3.  Delthyris  mesicostalis  (common). 

Zone  34>  of  Gulf  Brook  section  {lJfS6  J.). —Twenty-five  feet  of  bar- 
ren, thin-bedded  sandstone  follows  the  last  zone. 

Zone  36  of  Ovlf  Brook  section  {I4S6  A). — Six  feet  of  gray  shale 
afford  the  following  faunule: 

Faunuie  of  zone  S5  of  QvXf  Brook  section  {1455  A ). 
[a,  abupdant;  c,  common;  r,  rare.] 


1.  Orthothetes  chemnngensis  (a). 

2.  Chonetes  setigerus  (c). 

3.  Schizophoria  striatala  (c). 

4.  Spirifer  cf.  mesistrialis  (r). 


5.  Delthyris  mesicoetalis  (c) . 

6.  Ambocoelia  gregaria  (c). 

7.  Palaeoneilo  sp. 

8.  Leptodesma  spinigerum  (c). 
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Zone  36  of  Otdf  Brook  section  {14S6  A). — The  following  species 
characterize  this  zone,  which  is  composed  of  2  feet  of  impure  limestone 
composed  of  shell  fragments: 

Faunule  of  zone  S6  of  G\df  Brook  section  (1456  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Leptostrophia)    per- 

planavar.  nervosa  (a). 

2.  Orthothetes  chemungensis  (r). 

3.  Productella  speciosa  (c). 

4.  Schizophoria  striatala  (r). 

5.  Spirifer  mesistrialis  (r). 

6.  Delthyris  meeicostalis  (c). 


7.  Orthonota  parvula  (r). 

8.  Spathella  typica  (r). 

9.  Edmondia  cf.  enbovata  (r). 

10.  Pabeoneilo  contracta  (r). 

11.  Cypricardella  gregaria  (r). 

12.  Tentaculitee  cf.  bellnlos  (r). 


Zone  37  of  Gvlf  Brook  section  {H65  A). — ^Fifty  feet  of  barren  sand- 
stone beds  succeed  the  last  zone. 

Zone  38  of  Ovlf  Brook  section  {USB  A). — ^This  zone  contains  the 
following  faunule: 

Faumde  of  zone  S8  of  OtUf  Brook  section  (1456  A), 

[a,  abundant;  r,  rare.] 


1.  Orbicnloidea  lodiensiB  var.  media  (r). 

2.  Camarotoechia  stephani  (a). 

3.  SphenotuBsp.  (r). 

4.  Spathella  sp.  (r). 

5.  Nucula  cf.  varicoea  (r) . 


6.  Naculasp.  (r). 

7.  PalteoneOo  sp.  (r). 

8.  Leptodesma  sp.  (r). 

9.  Modiella  pygmsea  (r). 

10.  Modiomorpha  snbalata  (r) 


Zone  39  of  Ovlf  Brook  section  {H55  A). — This  zone  holds  the  fol- 
lowing meager  faunule: 

Faunule  of  zone  39  of  Qutf  Brook  section  ( 1456  A ) . 
[a,  abundant:  c,  common,] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (a). 

2.  S.  (Leptostrophia)  perplana  var.  ner- 

vosa (a). 


3.  Orthothetes  chemungensis  (c). 

4.  Spirifer  mesistrialis  (a). 


Zones  ]ft  to  Ifi  of  Gvlf  Brook  section  (HBB  A). — ^These  zones  com- 
prise 180  feet  of  nearly  barren  beds. 

Zone  ^3  of  Ovlf  Brook  section  {1456  A). — The  following  faunule 
occurs  in  5  feet  of  sandy  shale: 

Faunule  of  zone  43  of  Gvlf  Brook  section  (1455  A). 


1.  Orinoid  joints  (c). 

2.  Stropheodonta    (Donvillina)    macro 

nata  (a). 

3.  Orthothetes  chemungensis  (c). 


[a,  abundant;  c,  common;  r,  rare.] 

4.  Camarotoechia  cf.  eximia  (r) 

5.  Delthyris  mesicostalis  (r). 

6.  Cypricardella  gregaria  (r). 
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Mr.  H.  S.  Williams  makes  the  following  statement  concorning  the 
occurrence  of  Camarotcechia  cf.  exinda: 

There  begins  at  zone  43  a  fauna  presenting  some  new  features.  The  CamaroUxchia 
is  reported  as  C  cf.  eximia.  It  resembles  the  form  described  by  Hall  as  Rhynchonella 
coniracta  var.  gcLxoHiis  which  is  said  to  present  valuable  characters  connecting 
forms  clearly  referred  to  the  New  York  species,  R.  contractay  and  to  young  forms 
of  R.  eximia.  The  specimens  in  the  Leroy  Brook  zone  are  small  in  size  and  resemble 
young  forms  of  R.  eximia^  but  some  of  the  laivier  sized  specimens  may  be  referred  to 
R.  contrada.  In  the  calcareous  beds  the  smaller  sized  specimens  are  abundant.  In  the 
shale  and  ferruginous  .bands  the  form  called  contmctaf  with  somewhat  coarser  and 
fewer  plication  and  more  abrupt  and  decided  fold  and  sinus  appears. 

Zone  44  of  Oxdf  Brook  section  {1456  A). — Sixty-five  feet  of  barren 
beds  follow  the  zone  43. 

Zone  4^  of  Grvlf  Brook  section  {1456  A). — This  zone  contains  the 
following  species: 

FaunuU  of  zone  4^  of  Chdf  Brook  section  {1465  A), 

1.  Gamarotoechia  cf.  eximia  (abundant). 

2.  Spirifer  disjunctus  (abundant). 

3.  Dipterussp.  (rare). 

This  faunule  is  interesting,  because  8p,  disjunctus  makes  its  first 
appearance  in  the  section  at  this  horizon. 

Zone  4^  of  Gulf  Brook  section  {1466  A). — Zone  45  is  followed  by 
100  feet  of  nearly  barren  beds. 

Zone  4'7  of  Chdf  Brook  section  {1453  A), — Only  one  species,  Spirifer 
disjunctus^  was  found  at  this  horizon. 

Zon^  48  of  Chdf  Brook  section  {1456  A). — ^This  zone  is  composed  of 
55  feet  of  barren  sandy  beds. 

Zone  4^  of  Chdf  Brook  section  {1456  A). — Resting  on  the  preceding 
zone  are  10  feet  of  thin-bedded  sandstones  containing  the  following 
species: 

FawMde  of  zone  49  of  Gulf  Brook  section  (1456  A) . 

1.  Gamarotoechia  cf.  eximia  (rare). 

2.  Spirifer  disj unctus  ( rare ) . 

3.  Leptodesma  sp.  (rare). 

Zones  60  to  69  of  Chdf  Brook  section  {1456  A). — ^These  zones  incliide 
the  lowest  "red  beds"  of  the  section,  which  are  dull  red  to  purplish 
rather  than  red.  The  fossils  occuring  in  them  are  mostly  fragmentary 
in  character. 

2jone  60  of  Chdf  Brook  section  {1456  A). — ^The  2  feet  of  dark  purple 
sandstone  of  this  zone  contain  Cainwrotoechia  cf .  eximia  and  Spirifer 
disjunctus.     Both  species  are  abundant 
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Zone  61  of  Gvlf  Brook  section  {14S6  A). — ^Twenty-seven  feet  of  thin- 
bedded  sandstone  with  very  few  fossils  extend  from  the  last  zone  to 
the  top  of  the  first  waterfall. 

Zone  62  of  Gvlf  Brook  section  {I4S6  A). — ^This  zone,  which  lies  at 
the  top  of  the  fall,  contains  Camarotcechia  cf.  eximia  and  Spirifer 
disjunctus.     Both  forms  are  common. 

Zone  63  of  Ovlf  Brook  section  {H55  A). — ^This  zone  includes  5  feet 
of  cross-bedded  purple  limestone  lying  near  the  top  of  the  fall.  Cam- 
arotfBchia  cf .  eximia  is  abundant  and  Spirifer  disjunctus  is  conmion. 

Zones  61t,to68  of  Gvlf  Brook  section  {I4S6  A). — ^These  zones  contain 
comparatively  few  fossils. 

Zone  69  of  Gvlf  Brook  section  {I4S6A). — Four  feet  of  reddish  lime- 
stone at  the  foot  of  the  falls  contain  the  following  species: 

Faunule  of  zone  69  of  Oulf  Brook  section  (14S5  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Camarotoechia  cf.  eximia  (a). 

2.  Cryptonella  cf.  eadora  (a). 


3.  Spirifer  di^jnnctas  (c). 

4.  Modiomorpha  sp.  (r). 


The  CrypUnidl<i  eudora  noted  here  is  a  much  larger  variety  than 
that  occurring  in  the  Ithaca  fauna;  otherwise  the  two  appear  to  be 
identical. 

Zones  70  to  72  of  Gulf  Brook  section  {14S5  A), — No  collections  were 
made  from  these  zones.     Fossils  are  scarce  in  them. 

Zone  73  of  Gvlf  Brook  section  {1456  A). — ^Ten  feet  of  reddish  lime- 
stone near  the  lower  end  of  the  gorge  contain  the  following  fossils: 

Faunule  of  zone  7S  of  Oulf  Brook  section  (14S6  A) . 

1.  Fifltalipora  sp.  (rare). 

2.  Camarotoechia  cf.  eximia  (common). 

3.  Cryptonella  eudora  var.  (rare). 

4.  Spirifer  disjunctas  (abundant). 

The  specimens  of  Sp.  disjunctus  are  large,  squarish,  slightly  con- 
vex shells  with  a  wide,  shallow  sinus  and  slightly  elevated  fold. 

Zones  74.  to  77  of  Gidf  Brook  section  {1^56  A). — These  zones,  which 
aggregate  a  thickness  of  35  feet  6  inches,  outcrop  in  a  field  a  few  rods 
east  of  the  gorge.  They  contain  at  this  point  an  abundant  fish  fauna, 
embracing  the  following  species: 

Faunule  of  zones  74  to  77  of  Oulf  Brook  section  (1466  A) . 


1.  Holonema  rugoea. 

2.  Bothriolepis  minor. 


3.  Holoptychius  filoBus. 

4.  CoccofiteuB  macromuB. 


The  fishes  listed  from  this  zone  were  collected  by  Mr.  A.  T.  Lilley 
and  identified  and  described  by  Cope.^    The  fish  remains  are  most 

a  On  some  new  and  little  known  Paleosole  vertebrates:  Proc.  Am.  Philos.  Soc.,  vol.  80,  lOtt,  pp. 
221-228. 
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easily  secured  from  the  outcrop  of  the  limestone  in  a  field  a  few  rods 
east  of  the  brook. 

Zms  78  of  &idf  Brook  section  (HBB  A). — Above  the  fish  beds  are 
9  feet  of  purplish  beds,  from  which  no  fossils  were  secured. 

Zone  79  of  Ovlf  Brook  section  {1455  A). — An  arenaceous  impure 
iron  ore  contains  the  following  faunule: 

Faunule  of  zone  79  of  Gulf  Brook  section  (1465  A). 


[a,  abundant;  r,  rare.] 


1.  Orthothetes  chemnngensis  (r). 

2.  Camarotoechia  cf.  eximia  (a) . 


3.  Cryptonella  cf.  eadora  (a). 

4.  Spirifer  disjunctus  (a). 


The  Oryptondlds  are  of  very  large  size,  as  in  the  preceding  zones. 

Zones  80  to  86  of  Gulf  Brook  section  {1455  A). — ^These  zones  contain 
very  few  fossils. 

Zone  87  of  Gulf  Brook  section  {1455  A). — Four  inches  of  gray 
limestone  hold  the  following  faunule: 

Faunute  of  zone  87  of  Qvdf  Brook  section  (1456  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetes  chemungensis  (c). 

2.  Camarotoechia  cf.  eximia  (r). 


3.  Cryptonella  eudora  var.  (a). 

4.  Spirifer  disjunctus  (a) . 


The  shells  of  No.  4  have  a  high  area,  deep  sinus,  and  prominent  fold, 
the  general  contour  of  the  shell  presenting  a  strong  conti*ast  to  the 
type  of  shell  occurring  in  zone  73.  The  shells  of  O.  chemungensis 
are  all  small,  none  exceeding  one-half  inch  in  length. 

Zone  88  of  Gvlf  Brook  section  {1455  A). — Nine  feet  of  barren  shale 
follow  the  last  zone. 

Zone  89  of  Gvlf  Brook  section  {1455  A). — ^This  zone  contains  the 
following  faunule: 

FauntUe  of  zone  89  of  Ovlf  Brook  section  (1465  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (r). 

2.  S.  (Leptostrophia)  perplana  var.  ner- 

vosa (r). 

3.  Orthothetes  chemungensis  (c). 

4.  Schizophoria  striatula  (c). 


5.  Camarotoechia  cf.  eximia  (c). 

6.  Atrypa  spinosa  (a). 

7.  Spirifer  disjunctus  (r). 

8.  Sphenotus  sp.  (r). 

9.  Dipterus  (Ctenodus)  cf.  flabelliformis 

(r). 


Zones  90  to  95  of  Gvlf  Brook  section  {1455  A). — ^These  zones  contain 
few  fossils.     No  collections  were  made  from  them. 
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Zone  96  of  Gnlf  Brook  section  (11^55  A), — ^This  zone,  comprising 
1  foot  of  fossiliferous  sandstone,  contains  the  following  faunule: 

Fawmde  of  zone  96  of  QuLf  Lrook  section  (14S6  A) . 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Aaloporasp.  (r). 

2.  Orthothetee  chemungensis  (a). 

3.  Atrypa  spinosa  (r). 


4.  Spirifer  disjunctus  (c), 

5.  Leptodeema  8p.  (r). 


This  is  the  highest  fossiliferous  zone  of  the  section.  The  beds 
following  it,  which  extend  to  the  lower  end  of  the  gorge,  appear  to 
be  entirely  barren. 


GRANVILLE  CENTER  SECTION. 
By  H.  S.  Williams. 

One-half  mile  south  of  Granville  Center  35  or  40  feet  of  gray,  sand 
shales  and  sandstone  outcrop  near  the  brow  of  the  hill  just  west  of  th 
highway.     This  outcrop  lies  near  the  axis  of  the  anticline  and  sho\^ 
no  dip.     This  locality  is  about  2  miles  north  of  the  Gulf  Brook  sr 
tion,  and  the  beds  represent  a  horizon  somewhere  near  the  base 
that  section.    The  faunule  which  they  contain  includes  the  f*  lo^vi 
species: 

Faunule  of  OrarmUe  Center  section  ( 1456  B). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta  (Douvillina)   mucro- 

nata  (r). 

2.  Chonetee  scitulus  (a). 

3.  Productella  speciosa  (r). 

4.  Dalmanella  tipga  (c) . 

5.  Leiorhynchus  einuatum  (c). 

6.  CryptoneUa  sp.  (c). 

7.  Atrypa  aapera  (c). 

8.  A.  reticularis  (c). 

9.  Spirifer  mesistrialis  (r). 

10.  Delthyris  mesicostalis  (a) . 

11.  Ambocoeliagregaria  (c). 

12.  Edmondia  philipi  (r). 

13.  £.  subovata  (r). 


14.  Nucula  corbiiliformis  (r;. 

15.  Palceoneilo  plana  (r). 

16.  Leptodesma  lichas  (a). 

17.  L.  potens  (c). 

18.  Leiopteria  cf.  sayi  (a). 

19.  Pterinopecten  vertumnus  (r). 

20.  Goniophora  chemungensis  (c). 

21.  Cypricardella  gregaria  (e). 

22.  Bellerophon  (Ptomatis?)  mdis  (c). 

23.  Pleurotomaria  (Clathrospira?)  capil- 

laria  (a). 

24.  Tentacalites  cf.  bellalus  (a). 

25.  Manticoceras  patersoni  (r). 


The  presence  in  this  fauna  of  such  Hamilton  species  as  Cypricar- 
della gregaria^  Nxvcida  corhuliforrnis^  Pterinopecten  ve7'tumnu^s^  and 
other  species  having  close  affinities  to,  if  not  identical  with,  Hamilton 
species  is  worthy  of  note.  The  general  character  of  the  fauna,  how- 
ever, indicates  an  horizon  near  the  boundary  between  the  Nunda  and 
the  Chemung  faunas,  but  atove  the  base  of  the  Chemung  formation. 
It  contains  six  of  the  fifteen  diagnostic  Chemung  species  named  on 
p.  57. 
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SOUTH  MOUNTAIN  SECTION. 
By  E.  M.  Kindle. 

A  small  ravine  descending  from  the  summit  of  South  Mountain, 
opposite  Leroy,  exposes  a  section  directly  across  To  wanda  Creek  Valley, 
opposite  the  Gulf  Brook  section.  The  alluvium  of  the  valley  conceals 
about  450  feet  of  beds  lying  between  the  top  of  the  Gulf  Brook  and  the 
base  of  the  South  Mountain  sections.  About  300  feet  of  these  concealed 
beds  are  exposed  in  the  Towanda  Narrows  section.  The  South  Moun- 
tain section  continues  the  exposures  of  the  previously  described  sec- 
tions up  to  the  Barclay  coal  bed.  South  Mountain  is  a  synclinal 
mountain,  and  the  strata  on  the  north  face,  where  thissection  was  taken, 
have  a  very  small  dip  to  the  south,  the  maximum  being  10^  at  the  base 
of  the  section. 

The  section  is  as  follows: 

Section  1456  C,  at  South  Mountain^  Bradford  County y  Pa. 

Feet. 
31.  Hard,  massive,  white  to  gray  coarse  sandstone,  locally  conglomeratic  (out- 
cropping on  south  brow  of  mountain) 20 

30.  Covered  (estimated) ,. 100 

29.  Thin-bedded  gray  sandstone 6 

L>S.  Covered 8 

27.  Shaly  gray  sandstone 15 

26.  (iray  calcareous  sandstone  with  carbonate  of  iron  concretions  and  clay  frag- 
ments scattered  throughout 3 

25.  Grayish-green  flags 4 

24.  Red  and  green  shale 15 

2:^.  Red  shale 10 

22.  Green  thin-bedded  sandstone 40 

21.  Red  shale 28 

20.  Green  sandstone '. 1 

19.  Red  shale 5 

18.  Green  thin-bedded  sandstone 65 

17.  Red  shale 12 

16.  Green  to  gray  flaggy  sandstone 15 

15.  Redshale 8 

14.  Green  sandstone 3 

13.  Redshale 5 

12.  Flaggy  green  sandstone 105 

11.  Redshale 6 

10.  Flaggy  green  micaceous  sandstone 110 

9.  Thin-bedded  red  and  green  sandstone 188 

8.  Reddish  sandstone  with  fish  remains 1 

7.  Thin-bedded  red  and  green  sandstone 72 

6.  Thin-bedded  red  sandstone  (exposed  in  series  of  cascades) 115 

6.  Fish  bed  « 2 

5.  Thin-bedded  red  sandstone 35 

4.  Shaly  red  sandstone :-  25 

a  The  flflh  bed,  No.  6,  was  not  seen  in  the  section,  but  outcrops  800  yards  to  the  west  on  tbe  Rose 
Holcombe  land. 
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Feet. 
3.  Red  shale 15 

2.  Shaly  red  sandstone  with  traces  of  plants 10 

1.  Covered  from  the  level  of  Towanda  Creek 150 

Total 1,111 

About  3  miles  west  of  the  South  Mountain  section  30  feet  or  more 
of  dark-red  shale  outcrops  in  the  Cold  Spring  road  near  the  summit 
of  the  north  face  of  the  mountain.  This  shale  probably  belongs  in 
the  partly  covered  zones  Nos.  28-30  of  the  above  section  and  repre- 
sents apparently  the  Mauch  Chunk  formation. 

The  peculiar  calcareous  bed,  No.  26  of  the  section,  agrees  in  its 
lithologic  characters  and  horizon  with  a  somewhat  thicker  bed  of  sili- 
ceous limestone  in  the  Armenia  Mountain  and  Tioga  sections,  vi2, 
1458  B69,  called  the  Armenia  limestone  lentil  of  the  Oswayo  forma- 
tion (see  127). 

FAUNA  OF  SOLTH   MOUNTAIN   SECTION. 

Careful  search  failed  to  discover  any  invertebrate  fossils  in  the  beds 
of  this  section.  Fish  remains,  however,  occur  in  abundance  in  at 
least  two  horizons.  In  zone  6,  about  16  inches  of  the  bed  consist 
largely  of  a  mass  of  the  plates  of  Bothriolepis  leidyL  Fragments  of 
fish  plates,  probably  B,  leidyi^  occur  also  in  zone  8,  425  feet  above 
the  base  of  the  section.  Above  this  no  traces  of  animal  remains  were 
found. 

TOVVTANDA  NARROWS  SECTION. 
By  E.  M.  Kindle. 

At  the  ''Narrows,"  about  1  mile  below  Franklindale  post-oflSce, 
Towanda  Creek  has  exposed  a  series  of  beds  lying  somewhat  higher 
than  those  which  terminate  the  Gulf  Brook  section.  The  beds  have  a 
southerly  dip  which  increases  rapidly  toward  the  north.  The  outcrops 
continue  back  to  the  limestone  horizon  of  the  Franklindale  beds,' along 
a  small  brook  which  joins  Towanda  Creek  just  above  the  "Narrows.'^ 
This  limestone  of  the  Franklindale  beds  affords  a  good  stratigraphic 
basis  for  the  comparison  of  the  two  sections.  Comparing  the  beds  in 
the  two  sections,  which  lie  above  this  horizon,  it  is  seen  that  the 
Towanda  Narrows  section  extends  more  than  300  feet  above  the  top  of 
Gulf  Brook  section.  The  following  section  begins  with  the  lowest 
outcrops  near  the  point  where  the  highway  crosses  a  small  brook,  one- 
third  of  a  mile  north  of  the  ''Narrows." 

Section  1456  'Ay  at  Towanda  Narrows. 

Ft.    in. 

40.  Soft  olive-green  shale 10  0 

39.  Dull  brownish-red  sandstone 15  0 

36.  Olive-gray  to  purple  micaceous  thin-bedded  sandstone 10  0 

87.  Bed  shale 3  0 

36.  Reddish-brown  sandstone I  8 

36.  Bed  and  green  shale 15  0 
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Ft.  In. 

34.  Bed  to  greenish  sandstone  and  shale 6  0 

33.  Olive-Kray  micaceous  sandstone,  weathering  brownish 2&  0 

32.  Soft  greenish  sandy  shale 6  0 

31.  Covered 65  0 

30.  Olive-gray  sandy  shale 12  0 

29.  Soft  olive-gray  shale 10  0 

28.  Massive  olive-brownish  sandstone  with  laiige  concretions  at  base 5  0 

27.  Reddish  sandstone  and  olive-gray  ishale  interbedded 25  0 

28.  Olive-gray  sandy  shale 28  0 

25.  Dark  reddish-brown,  thin-bedded  sandstone  with  some  thin  layers  of 

greenish  gray  shale  (dipl2*»S.) 40  0 

24.  Covered 65  0 

23.  Bluish-gray  flags  (end  of  gorge,  dip  25*»  8.) 100  0 

22.  Olive-gray  thin-bedded  sandstone 190  0 

21.  Olive-gray  to  reddish  shales 40  0 

20.  Gray  to  reddish  limestone 4  0 

19.  Red  sandy  shale 4  0 

18.  Calcareous  hard  red  sandstone 2  0 

17.  Gray  to  purple  limestone 4  6 

16.  Hard  olive-gray  sandstone  (dip  60®  S.) 15  0 

15.  Dark  red,  rather  soft  shale 12  0 

14.  Olive-gray  sandy  beds 10  0 

13.  Covered 6  0 

12.  Gray  sandstone 1  0 

11.  Red  shaly  sandstone 3  0 

10.  Gray  to  reddish  thin-bedded  sandstone  30  0 

9.  Dark-red  sandstone 3  0 

8.  Bluish-gray  foesiliferous  limestone 1  0 

7.  Covered 4  0 

6.  Bluish-gray  sandstone,  with  8p.  dusfunctusy  etc 4  0 

5.  Dark  red-brown  sandstone 3  6 

4.  Gray  shale 0  6 

3.  Dark  reddish-brown  sandstone  with  much  iron 3  0 

2.  Covered 18  0 

1.  Gray  sandy  flags 15  0 

815    2 
FAUNA   OF  TOWANDA  NARROWS  SECTION. 

Many  zones  of  this  section  contain  an  abundance  of  fossils,  but  lack 
of  time  prevented  a  detailed  study  of  them.  Fossils  were  collected 
from  but  one  zone,  the  highest  in  the  section,  which  affords  the 
following  faunule: 


Fonmule  of  zone  40  of  Towanda  Narrows  section  {1466  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orbiculoidea  lodiensis  var.  media  (r). 

2.  Orthothetes  chemungensis  (r). 

3.  Prodnctella  lachrymosa  (a). 

4.  Schizophoria  striatula  (c). 

5.  Camarotcechia  stephani  (a). 

6.  Cryptonella  eudora  (r). 


7.  Atrjrpa  reticularis  (r). 

8.  Delthyris  mesicostalis  (r). 

9.  Spirifer  disjunctus  (a). 

10.  Sphenotussp.  (r). 

11.  Leptodesma  sp.  (r). 
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The  fauna  is  chiefly  of  interest  as  showing  the  presence  of  a  Che- 
mung fauna  after  sediments  of  strongly  Catskill  type  have  made  their 
appearance  in  the  section. 

FORMATIONAL  CORRELATION  OF  LEROY  SECTION. 

By  K.  M.  Kindle. 

The  sections  which  have  been  described  from  exposures  in  the 
vicinity  of  Leroy  give  a  connected  section  from  the  Sharon  conglom- 
erate down  to  the  lowest  beds  exposed  in  the  Towanda  anticline, 
aggregating  a  thickness  of  2,902  feet.  The  section  may  be  divided, 
with  reference  to  its  more  prominent  lithological  characteristics,  into 
the  following  divisions: 

Oeneral  divinons  of  the  Leroy  section. 

Feet. 

7.  Coarse  gray  or  white  sandstone  conglomerate  (Sharon  conglomerate) 20 

6.  Soft  red  shales  (MauchChmik) 30 

5.  Red  and   greenish   sandstones   and   shales,  green    beds   predominating 

(Oswayo) -712 

4.  Red  and  green  sandstones  and  shales,  the  red  beds  predominating  (Catta- 
raugus or  Catskill) 653 

3.  Drab-colored  shales  and  sandstone  with  some  highly  ferruginous  bands 

(Chemung) 400 

2.  Purple  or  reddish  sandstone  and  shale  interbedded  with  heavy  beds  of 

limestone  (Franklindale  beds) 160 

1.  Gray  arenaceous  shales  and  thin  bedded  sandstones  (Chemung) 927 

2.902 

There  is  nothing  in  the  uninterrupted  sequence  of  sandy  shales  and 
sandstones  which  make  up  the  first  900  feet  of  the  section  to  lead  to 
any  sudden  change  in  the  faunas.  We  may  therefore  expect  to  find, 
as  we  do  in  this  section,  that  many  representatives  of  the  Ithaca  fauna 
have  continued  on  for  some  time  after  the  appearance  of  Chemung 
types.  The  Ithaca  fauna  is  an  indigenous  fauna  in  eastern  New  York, 
having  been  derived  chiefly  from  the  Hamilton.  The  Chemung  rep- 
resents a  later  development  of  the  same  fauna  with  the  addition  of 
certain  foreign  forms,  as  Spirifer  disjunctus.  This  species  first 
appears  in  the  section  about  700  feet  above  the  base.  Delthyris  rneni- 
costalu^  which  is  a  characteristic  Chemung  form,  appears  near  the 
base  of  the  section.  The  Ithaca  element  of  the  fauna  is  seen  in  the 
presence  of  such  forms  as  Sj>.  mssistrialis^  which  indicates  an  over- 
lapping of  the  Chemung  and  Ithaca  faunas.  The  appearance  near  the 
base  of  the  section  of  a  form  of  so  much  zonal  significance  as  Del- 
thyris  mesicostalis  with  well-developed  medial  septum  seems  to  justify 
the  correlation  of  the  lowest  division  of  the  section  with  the  Chemung. 
The  Ithaca  species  which  have  transgressed  the  normal  upper  limit  of 
that  fauna  nearly  all  disappear  in  the  first  500  feet  of  the  section. 
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The  Chemung  fauna  continues  for  800  feet  above  the  lowest  reddish 
beds.  Its  highest  appearance  is  in  beds  which  lithologically  are  of  a 
decided  Catskill  type.  Catskill  fishes  are  found  in  the  red  shales  after 
the  Chemung  fauna  has  entirely  disappeared.  These  remains,  how- 
ever, do  not  continue  to  the  upper  limit  of  the  Catskill  type  of  sedi- 
ments. 

After  the  disappearance  of  Devonian  fossils  from  the  Leroy  section 
the  beds  are  entirely  barren,  so  that  there  are  no  paleontological  data 
for  drawing  the  line  between  the  Devonian  and  Carboniferous.  In  the 
absence  of  definite  paleontological  evidence  the  Devono-Carboniferous 
line  may  be  drawn  tentatively  between  divisions  four  and  five  of  the 
generalized  section,  which  corresponds  to  the  base  of  the  Oswayo — 
the  Pocono  of  the  Pennsylvania  survey.  The  evidence  of  sections 
farther  west,  to  be  described  later,  seems  to  favor  this  correlation. 

COMMENTS  ON  CORRELATION  OF  THE  LEROY  SECTION. 

By  H.  8.  WiLLiABfs. 

The  first  zone  paleontologically  includes  the  faunules  1  to  6  with 
Pholadella  radiata  and  recalls  the  early  stage  of  the  Chemung  as  it 
appears  in  the  Ithacia  and  Waverly  quadrangles  of  New  York,  with  a 
recurrent  Hamilton  fauna,  and  before  the  Chemung  fauna  is  repre- 
sented in  full  force. 

From  7  up  to  39  inclusive  is  a  zone  holding  the  Stropheodorda 
{DouvtUirui)  mucronata  fauna  with  Delthyris  mesicostalis^  Spirifer 
Taesistrialis^  and  DcUmandla  caHnata^  but  without  Spirifer  diyunctvs; 
while  above,  from  faunule  43  to  the  top,  Spirifer  disjunctus  occurs 
abundantly  in  almost  all  the  fossiliferous  zones,  but  the  other  spirifers 
are  wanting  and  the  pelecypods  are  rare  compared  with  their  frequent 
appearance  in  the  lower  zone. 

It  is  probable  that  the  first  zone,  including  the  lower  600  feet  of 
this  section,  represents  the  fossiliferous  zone  which  was  called  "  Lower 
Chemung  fauna"  in  1884, <*  while  the  second  zone  represents  the  "  typi- 
cal Chemung"  of  that  classification  and  the  1,100  feet  of  sediment 
may  carry  the  strata  up  as  high  or  higher  than  the  horizon  where  the 
red  Catskill  type  of  sedimentation  first  appears  in  the  Bradford 
County  section  at  Ulster.* 

The  prominence  of  the  calcareous  beds,  the  dominance  of  Cryp- 
tonella  in  some  zones,  and  the  fish  fauna  are  conspicuous  features  of 
this  upper  zone. 

oTians.  AxD.In8t.Miii.£iig.,yol.  16,  p.  946.  Also  quoted  in  Doctor  Kindle's  paper  on  the  Relation  of 
the  fauna  of  the  Ithaca  group  to  the  faunas  of  the  Portage  and  Chemung,  Bull.  Am.  Paleontology, 
vol.  2, 1896,  p.  9. 

bOn  the  foBsil  faunas  of  the  upper  Devonian  along  the  meridian  of  76^  80'  from  Tompkins  County, 
N.  Y.,  to  Bradford  County,  Pa:  Bull.  U.  8.  Geol.  Survey  No.  3,  p.  27. 

Bull.  244—05 8 
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It  is  to  be  noted  that  in  the  one  continuous  section  of  Gulf  Brook 
the  Chemung  fauna  has  a  range  of  1,200  feet.  If  the  correlation  of 
the  Towanda  Narrows  section  with  its  upper  part  be  correct,  the  range 
is  extended  300  feet  higher.  The  estimate  of  the  length  of  this  range, 
made  on  the  basis  of  the  section  along  the  76°  30'  meridian,  was  1,200 
feet;  but  at  that  time  (1884)  the  upper  limit  of  the  Chemung  was  put 
where  the  red  beds  first  appear  in  force.  It  is  now  known  that  the  Che- 
mung fauna  does  not  everywhere  stop  at  that  horizon.  It  is,  however, 
quite  probable  that  the  Leroy  section  covers  the  greater  part  of  the 
total  range  of  the  Chemung  fauna  for  that  region,  which  by  measure- 
ment is  1,700  feet  of  strata. 

THE  TIOGA  SECTION. 

By  E.  M.  Kindle. 

Tioga  River  cuts  squarely  across  the  axis  of  the  Crooked  Creek 
synclinal  mountain,  just  south  of  the  village  of  Tioga.  North  of  the 
town,  the  southward-dipping  Chemung  beds  are  well  exposed  on  the 
east  bank  of  the  river.  The  following  section  is  based  upon  the  out- 
crops between  the  wagon  bridge,  two-thirds  of  a  mile  north  of  the 
town,  and  the  Pennsylvania  Railroad  station,  and  on  those  in  and  near 
the  highway  between  Tioga  and  the  summit  of  the  mountain,  4:  miles 
east  of  Tioga: 

Section  1460  A,  at  Tioga,  Pa, 

Feet. 

56.  White  coarse  sandstone  with  numerous  small  angular  quartz  pebbles. .  20:±: 

o65.  Black  carbonaceous  shale 1± 

54.  Coal  ?  (a  few  inches  reported) ? 

53.  Covered  (place  of  Mauch  Chunk) ^..  45rt 

52.  Mottled  arenaceous  gray  limestone  with  lumps  of  shale  and  fish  teeth. .  10 

51.  Covered 10d= 

50.  Irregular-bedded  coarse  buff  sandstone,  some  layers  with  numerous 

carbonized  plants 10 

49.  Covered 10 

48.  Red  shale 10 

47.  Light-green  thin-bedded  micaceous  sandstone 45 

46.  Greenish-gray  and  red  sandstone  and  shales  mostly  covered.     (Oswayo 

and  Cattaraugus) 960± 

45.  Red  and  gray  beds  mostly  .concealed.     (Cattaraugus-Chemung  tran- 
sition)    100 

44.  Gray  thin-bedded  sandstone 5 

43.  Covered 16 

42.  Drab-colored  thin-bedded  sandstone  ( partly  concealed ) 16 

41.  Covered 4 

40.  Thih-bedded  drab  sandstone 12 

39.  Thin-bedded  drab  sandstone 16 

38.  Covered 32 

(1  Nas.  47  to  bo  of  the  section  are  exposed  iu  a  shaft,  drift,  and  quarry  near  the  residence  of  A.  H. 
Rawson. 
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Feet 

37.  Gray  to  reddish  thin-bedded  sandstone 25 

36.  Covered  ...  12 

36.  Red  highly  ferruginous  sandstone 2 

34.  Dull-reddish  to  olive  shale  and  sandstone 13 

33.  Bed  of  Sp.- diftjunclits  sheila 2 

32.  Olive-gray  sandstone 5 

31.  Covered : 5 

30.  Dull-reddish  shale  and  thin-bedded  sandstone 40 

29.  Thin-bedded  gray  sandstone 20 

28.  Olive-gray  shale  with  thin  bands  of  sandstone 30 

27.  Gray  to    salmon-brown    thin-bedded   sandstone  with  concretionary 

structure 25 

26.  Dark-gray  shale  and  shaly  sandstone 20 

25.  Covered 6 

24.  Dull-reddish  shale  and  sandstone  with  fossiliferous  band 4 

23.  Covered ; 5 

22.  Dull-reddish  to  gray  shale 18 

21.  Dark-reddish  thin-bedded  sandstone 16 

20.  Dull  salmon-brown  to  olive  shale 10 

19.  Olive-gray  shale  and  thin-bedded  sandstone,  some  of  beds  with  dull- 
reddish  tint 30 

18,  Olive-gray  and  dull-reddish  shale 20 

17.  Covered 10 

« 

16.  Olive-gray  and  dull-reddish  thin-bedded  sandstone  interbedded 18 

15.  Covered : *5 

14.  Thin-bedded  sandstone 4 

13.  Gray  to  reddish  shale  and  sandstone 9 

12.  Calcareous  bed  of  fossils 2 

11.  Gray  sandstone 3 

10.  Beds  of  fossil  shells  in  drab  calcareous  sandstone 3 

9.  Dull-brownish  red  thin-bedded  sandstone 3 

8.  Sandstone  and  shale  with  concretions 4 

7.  Gray  sandstone 4 

6.  Gray  shale  and  sandstone 5 

5.  Soft  gray  clay  shale ^ 10 

4.  Covered 35 

3.  Thin-bedded  drab  sandstone 14 

2.  Covered -. 15 

1.  Brownish-gray  thin-bedded  sandstone 20 

2,315 
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FAUNULES  OF  THE  TIOGA  SECTION. 

Zcme  1  of  Tioga  section  {1^60  A). — The  20  feet  of  sandstone  exposed 
at  the  bridge,  two-thirds  of  a  mile  north  of  Tioga,  contains  the  fol- 
lowing species: 

FaumUe  of  zone  1  of  Tioga  section  {1460  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropneodonta  (Douvillina)  iDsequie- 

triata  (c). 

2.  S.  (Leptostrophia)  perplana  var.  ner- 

vosa (a). 

3.  Strophonella  caelata  (a). 

4.  Ghonetes  cf.  vicinus  (c). 
6.  Atrypa  reticnlarifl  (r). 
6.  A.  spinosa  (c). 


7.  Sphenotus  cf.  archseformici  (r). 

8.  Macrodon  cf.  chemungeneis  (r). 

9.  Leptodesma  lichas  (a). 

10.  Schizodus  chemiingensis  (r). 

11.  8.  oblatus  (r). 

12.  Modiomorpha  cf.  quadrula  (r). 

13.  Manticoceras  cf.  complanatnm  (r). 


The  Chemung  characteristics  of  this  faunule,  which  is  the  lowest  in 
the  section,  indicate  that  the  section  includes  nothing  lower  than  Che- 
mung beds. 

Zone  7  of  Tioga  section  {1^60  A). — Very  few  fossils  occur  in  the 
zones  2  to  6.  The  following  species  are  found  in  zone  7, 100  feet  above 
the  Ji)ase  of  the  section: 

Faumde  of  zone  7  of  Tioga  section  (1460  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (a). 

2.  Oithothetee  chemangensis  (r) . 


3.  Atrypa  spinosa  (c). 

4.  Spirifer  disjunctus  (r) 


Zon^  8  and  9  of  Tioga  section  {1^60  A). — These  zones  appear  to  be 
without  fossils. 

Zone  10  of  Tioga  section  {llfiO  A). — ^The  species  noted  in  this  zone 
are  as  follows: 

Fautwit  of  zone  10  of  Tioga  section  (1460  A), 
[a,  abundant;  c,  common.] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (c). 

2.  Atrypa  spinosa  (c). 


3.  Spirifer  disjunctus  (a). 

4.  fish  remains  (c). 


The  extremely  mucronate  form  of  Sp.  disjunctus  is  found  in  this 
zone. 

Zone  IZ  of  Tioga  section  {1460  A). — This  zone  contains  a  mass  of  fos- 
sils, mostly  shells  of  Sp.  disjunctus. 

Zones  13  to  IS  of  Tioga  section  (IJ^JBO  A). — Fossils  are  comparatively 
scarce  in  these  zones. 

2^one  16  of  Tioga  section. — The  faunule  ol  this  zone  comprises  the 
following  species: 
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Faunule  of  zone  16  of  Tioga  section  (14S0  A). 
[a,  abondant;  c,  common;  r,  rare.] 


1.  Strophonella  cselata. 

2.  Ortbothetes  chemungensis. 

3.  Prodactella  cf.  lachrymosa  (c). 

4.  Schizophoria  striatula  (a). 


5.  Spirifer  disjunctus  (a). 

6.  GloBsites  lingualis  (r). 

7.  Palfleoneilo  filosa  (r). 

8.  Platyceras  sp.  (r). 


2j(m€  18  of  Tioga  section  {1460  A). — ^This  zone  affords  the  following 
species: 

Faunule  of  zone  18  of  Tioga  section  (1460  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (r). 

2.  StrophoneDa  cselata  (c). 

3.  Ortbothetes  cbemungensis  (r). 

4.  Productella  lacbiymosa  (a). 

5.  Schizopboria  striatala  (a). 


6.  Atrypa  spinoea  (r). 

7.  Cjrrtina  hamiltonensis  (r). 

8.  Spirifer  disjonctos  (a). 

9.  Leptodesma  licbas  (c). 

10.  L.  sp.  (r). 

11.  Belleropbon  sp.  (r). 


Zone  24  of  Tioga  section  {1460  A). — The  80  feet  of  beds  intervening 
between  zones  18  and  24  contain  few  fossils,  the  species  being  forms 
common  to  these  two  zones.  The  species  occurring  in  zone  24  are  as 
follows: 

Ihuntde  of  zone  £4  of  Tioga  section  (1460  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Zapbrentis  sp.  (r). 

2.  Stropbeodonta    (Douvillina)    mucro- 

nata  (r). 

3.  S.  8p.  (a). 


4.  Stropbonella  ceelata  (r). 

5.  Orthotbetes  cbemungenfiis  (r). 

6.  Productella  sp.  (r). 

7.  Spirifer  disjunctus  (a). 


Zcme  29  of  Tioga  section  {14S0  A). — ^The  species  occurring  in  this 
zone  are  as  follows: 

Faunule  of  zone  B9  of  Tioga  section  (1460  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Ortbotbetes  cbemungensis  (c). 

2.  Cbonetes  setigerus  (r). 

3.  Productella  lachrymosa  (a). 

4.  Scbizopboria  striatula  (c). 

5.  Dalmanella  tioga  (r). 


6.  Camarota'chia  stepbani  (c). 

7.  Spirifer  disjunctus  (a). 

8.  Deltbyris  mesicostalis  (a). 

9.  Glossites  lingualis  (r). 


Z(me  S3  of  Tioga  section  {1460  A). — A  mass  of  the  shells  of  Sp.  dis- 
junctus comprises  the  greater  part  of  this  zone.  The  species  recognized 
in  it  are  as  follows: 

Faumde  of  zone  SS  of  Tioga  section  (1460  A). 

1.  Productella  lacbrymosa  (rare). 

2.  Camarotoecbia  stepbani  (rare). 

3.  Spirifer  disjunctus  (abundant). 
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Zone  34,  of  Tioga  section  {UfiO  A). — Only  three  species  were  recog- 
nized in  this  zone. 

Faumile  of  zone  34  of  Tioga  section  {1460  A), 

1.  Orthothetes  chemungensis  (common). 

2.  Spirifer  disjunctue  (common). 

3.  Orthoceraa  sp.  (rare). 

Zone  35  of  Tioga  section  {1460  A). — ^Two  feet  of  very  ferruginous 
red  sandstone  hold  the  following  faunule: 

FaunuU  of  zone  S6  of  Tioga  section  {1460  A). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetes  chemungensifi  (r). 

2.  Camarotoechia  sp.  (r.) 

3.  Spirifer  disjmictus  (a). 

4.  Delthyris  mesicostalis  (r). 


6.  Athyriscf.  angelica  (r). 

7.  Mytilarcachemangensis  (r). 

8.  Aviculopecten  dnplicatus  (r). 

9.  A.  striatus  (r). 


5.  Ambocoelia  gregaria  (c) . 

Zone  39  of  Tioga  section  {I46O  A). — Seventy  feet  above  the  preced- 
ing faunule  the  following  association  of  species  occurs: 

Favmule  of  zone  39  of  Tioga  section  {1460  A), 
[a,  abundant;  c,  common;  r,  rare.] 


5.  Ambocoelia  gregaria  ( c ) . 

6.  A  th  y ris  angelica  ( r ) . 

7.  Aviculopecten  cf.  cancellatns  (r). 


1.  Productella  lachrymoea  (a). 

2.  Schizophoriastriatula  (c). 

3.  Camarotoechia  stephani  (c).  . 

4.  Delthjrrismesicofltalis  (c). 

Zone  42  of  Tioga  section  {1460  A). — ^This  zone,  nearly  600  feet  above 
the  base  of  the  section,  contains  nearly  the  same  association  of  species 
as  the  preceding  faunule,  39,  60  feet  below  it.  The  species  are  as 
follows: 

Faunule  of  zone  4^  of  Tioga  section  {1460  A). 


[c,  common;  r,  rare.] 


1.  Orthothetes  chemungensis  (c). 

2.  Productella  lachrym'osa  (r). 

3.  Schizophoria  striatula  (c). 

4.  Camarotoechia  stephani  (r). 


•5.  Delthyris  meeicostalis  (c). 

6.  Ambocoelia  gr^aria  (c). 

7.  Athjrris  angelica  (c). 

8.  Sphenotussp.  (r). 


Zone  44  of  Tioga  section  {I46O  A). — Fifteen  feet  above  zone  39  occurs 
the  highest  faunule  secured  from  the  section.  It  contains  the  follow- 
ing species: 

Faunule  of  zone  44  of  Tioga  section  {1460  A), 


[a,  abundant; 

1.  Stropheodonta  sp.  (r). 

2.  Productella  lachrymoea  (a). 

3.  Schizophoria  striatula  (a). 

4.  Camarotoechia  stephani  (c). 

5.  LeiorhynchuB  mesicostale  (r). 

6.  Atrjrpa  reticularis  (r). 

7.  Spirifer  disjunctus  (c). 


c,  common;  r,  rare.] 

8.  Delthyris  mesicostalis  (c). 

9.  Ambocoelia  gregaria  (c). 

10.  Athyrifl  angelica  (c). 

11.  Sphenotus  contractus  (r). 

12.  Glossites  procerus  (r). 

13.  Mytilarca  chemungensis  (c). 

14.  Actinopteria  sp.  (r). 
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The  beds  immediately  following  this  zone  are  concealed,  and  the 
Chemung  fauna  may  continue  on  through  50  feet  or  more  of  the  gray 
or  reddish  beds  succeeding  it.  After  the  typical  red  Catskill  beds  are 
reached,  however,  no  trace  of  fossils  appears  beyond  some  obscure 
plant  remains. 

The  accompanying  chart  exhibits  the  range  Of  the  several  species 
comprising  the  fauna  of  this  section. 
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OBE-B£I>  SECTION,  BfAKSFEBIiD. 

By  E.  M.  KiNDLR. 

Chemung  rocks  are  exposed  at  frequent  intervals  along  the  public 
highway  which  passes  the  old  iron-ore  pit,  3  miles  west  of  Mansfield. 
The  following  section  is  constructed  from  exposures  along  this  road 
between  the  old  ore  pit  and  Tioga  River. 

Sedion  14S9  B  at  the  ore-hed  road,  Mangfidd. 

Ft.      in. 

22.  Surf  ace  clay •.. 6  0 

21.  Brown,  soft  shaly  sandstone 0  8 

20.  Gray  sandy  fihale 10    "     0 

19.  Red  oolitic  iron  ore 0  18^24 

18.  Reddish  calcareous  sandstone  (in  old  ore  pit) 0  6 

17.  Concealed 50  0 

16.  Brownish-gray  sandstone 6  0 

15.  Gray  shale  and  covered 60  0 

14.  Shaly  sandstone  and  shale  fossiliferous  at  top 25  0 

13.  Concealed 10  0 

12.  Dard-gray  clay  shale  and  shaly  sandstone 5  0 

11.  Dark  sh^y  sandstone 1  0 

10.  Covered 119  0 

9.  Thin-bedded  and  shaly  sandstone 25  0 

8.  Covered 6  0 

7.  Bluish-gray  day  shale 8  0 

6.  Covered 20  0 

5.  Thin-bedded  sandstone 6  0 

4.  Covered 140  0 

3.  Drab  sandy  shale  and  flaggy  sandstone 22  0 

2.  Covered *..  42  0 

1.  Bluish-gray  shale  (in  bed  of  creek) 6  0 

PAUNULES  OF  THE  ORE-BED  ROAD  SECTION,  MANSFIELD. 

Zone  3  of  Mcmsjidd  section  {14S9  JS).— This  zone  holds  the  lowest 
faunules  noted  in  the  section,  comprising  the  following  species: 

Fhunvie  of  zone  S  of  Mansfldd  section  (1459  B). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Strophonella  caelata  (c). 

2.  Orthothetes  chemungensis  (a). 

3.  Schizophoria  striatula  (a). 

4.  Atrypa  spinosa  (a). 


5.  Cyrtina  hamiltonensis  (r), 

6.  Spirifer  disjunctus  (a). 

7.  Byssopteria  radiata  (c). 

8.  Pterineasp.  (r). 


Zone  5  of  Mansfield  section  {1459  B). — The  beds  of  zone  4,  having 
a  thickness  of  140  feet,  are  not  exposed.  The  species  occurring  in 
zone  5  are  as  follows: 
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FhuntUe  of  zone  6  of  Mansfield  section  (1469  B). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetee  chemungensis    (a). 

2.  Productella  lachrymosa  (a). 

3.  Schizophoriastriatula  (c). 

4.  Camarokechiacontracta  (a). 

5.  Spirifer  disjunctus  (a). 


6.  Delthyrifl  mesicostalis  (a). 

7.  Athyris  angelica  (a). 

8.  Leptodesma  sp.  (r). 

9.  Crenipecten  cf.  amplus  (r), 


Zon^  9  of  Manajield  section  {HB9  B). — ^The  following  species  are 
found  in  zone  9,  34  feet  above  zone  5: 

FaunuU  of  zant  9  of  Mansfield  stction  (1469  B), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Productella  lachrymosa  (a). 

2.  Schizophoriastriatula  (r). 

3.  Camarotcechia  contracta  (a) 


4.  Delthyris  mesicoBtalis  (a). 

5.  Athyris  angelica  (c). 

6.  Aviculopecten  rugsestriatus  (r). 


2^one  11  of  Mcm^fidd  section  {14S9  B). — The  greater  part  of  the  sec- 
tion between  zones  9  and  11  is  concealed.  The  following  faunule  is 
from  a  1-foot  bed  120  feet  above  the  preceding  faunule: 

Faunvle  of  zone  11  of  Mansfield  section  (1469  B), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orbiculoidea  sp.  (r). 

2.  Orthothetes  chemungensis  (c). 

3.  Productella  lachrymosa  (a). 

4.  Schizophoriastriatula  (a). 
6.  Oamarotoechia  contracta  (c). 

6.  Cryptonella  sp.  (r). 

7.  Deltiiyris  mesicostalis  (a). 


8.  Ambocoeliagregaria  (r). 

9.  Athyris  angelica  (a). 

10.  Sphenotus  cf.  rigidus  (r). 

11.  Glossites  cf.  depressus  (r). 

12.  Macrodon  chemungensis  (r). 

13.  Euomphalus  sp.  (r). 

14.  Loxonema  sp.  (r). 


Zone  12  of  Mansfield  section  {14S9  B). — ^The  5  feet  of  shale  and 
sandstone  following  zone  11  contain  the  following  species: 

Faunule  of  zone  12  of  Mansfield  section  (1469  B). 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetes  chemungensis  (c). 

2.  Chonetes  setigerus  (r). 

3.  Productella  arctirostrata  (r) . 

4.  P.  boydi  (c). 

5.  P.  lachrymosa  (c). 

6.  Schizophoria  striatula  (a). 

7.  Camarotcechia  contracta  (a). 


8.  Spirifer  di^unctus  (r). 

9.  Delthyris  mesicostalis  (a). 

10.  Ambocoeliagregaria  (r). 

11.  Athyris  angelica  (c). 

12.  Grammysia  sp.  (r). 

13.  Sphenotus  contractus  (r). 

14.  Leptodesma  lichas  (r). 


The  specimens  referred  to  No.  7,  have  less  angular  plications  and 
shallower  sinus  than  specimens  of  Camarotcechia  contracta  from  north- 
western Pennsylvania.     The  shells  show — 

Plications  in  sinus,  3-4;  generally  3. 
Plications  on  fold,  4;  rarely  5. 
Plications  on  each  valve,  about  16. 
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Variation  in  No,  6  occurs  chiefly  in  relation  to  shape  of  muscular 
impression  in  pedicle  valve  and  in  the  ratio  of  length  and  width.  The 
two  latter  chamcters  are  equal  in  some  individuals.  In  many  the 
width  exceeds  the  length  by  one-fourth  or  more. 

No.  9  shows  considerable  variability  in  this  zone  with  reference  to 
the  number  of  plications.  These  vary  from  13  to  29  on  each  valve. 
The  length  of  the  mesial  septum  is  contained  in  the  length  of  the  shell 
from  two  to  three  and  a  half  times.  Of  23  specimens  examined 
22  have  one  plication  and  one  has  a  double  plication  in  the  sinus. 
All  of  the  specimens  show  a  double  fold  except  one,  which  has  a  third 
plication  weakly  developed  on  the  fold. 

Zone  15  of  Mansfield  section  {H69  B), — About  20  feet  above  the 
preceding  faunule  were  found  the  following  species: 

Fdunule  of  zone  16  of  Mawifield  section  (1459  B), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Prodnctella  lachrymofia  (c). 

2.  Schizophoria  striatula  (r). 

3.  Oamarotoechia  stephani  (a). 

4.  Delthyrie  mesicostaliB  (a). 

5.  Amboccelia  gregaria  (r). 


6.  Athyris  angelica  (r). 

7.  SphenotuB  contractus  (c;. 

8.  Edmondia  philipi  (c). 

9.  Aviculopecten  sp.  (r). 


Zone  18  of  Mansfield  section  {HS9  B). — One  hundred  and  fifteen  feet 
above  zone  14  a  thin  calcareous  bed  appears,  underlying  the  iron-ore 
bed.     Only  three  species  were  collected  from  it. 

Faumde  of  zone  18  of  Mansfield  section  {1459  B) . 

[a,  abundant;  c,  common.] 

1.  Productella  lachrymosa  (c). 

2.  Oamarotoechia  stephani  (c). 

3.  Spirifer  disjunctus  (a). 

Zone  19  of  Mansfield  section  {1459  B). — Eighteen  to  24  inches  of  red 
hematite  comprise  this  zone.  The  only  fossils  found  in  it  are  I^oduc- 
tell'a  IcLchrymosa  and  SpiHfer  disjunctus^  which  are  common. 

Zone  21  of  Mansfield  section  {H59  B). — Ten  feet  above  the  iron  ore 
the  highest  faunule  of  the  section  appears.  It  contains  the  following 
species: 

Faunide  of  zone  SI  of  Mansfield  section  {1459  B) . 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Orthothetes  chemungensis  (r). 

2.  Productella  lachrymosa  (c). 


3.  Camarotcechia  sappho  (a). 

4.  8pirifer  di^jonctus  (c). 
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The  section  as  a  whole  shows  a  fauna  of  distinctly  Chemung  type, 
Cyrtina  hajuiltanensis  is  the  only  Hamilton  survivor  appearing  in  it. 
The  faunules  of  the  different  part^  of  the  section  do  not  offer  any 
sharp  contrasts  in  composition.  The  accompanying  chart,  showing 
the  distribution  of  species  in  the  section,  indicates  that  dominant 
species,  or  those  appearing  abundantly  or  commonly  in  an)'^  zone,  are 
usually  found  to  range  through  a  number  of  zones  or  the  entire  section. 


122 


0ONTBIBOTION8  TO   DEVONIAN  PALEONTOLOGY.       [BrLL.J«. 


05 


s, 


9 


56* 

I 


? 
$ 

•« 


I 

t 

I 

I 

I 


a 
o 


i 
1 

i 

*);oo9 

'— 

; 

1 

■ 
I 

■ 

1 

1 
1 

— : 

;    h 

1    U 

« 

« 

a 

St 

L 

1 

1 

4) 

1 

00 

1 

I'll 

12          3                             4                           5j  6    7  8      9                            10                       11-13     14            16         16      17 

1 

— 

— ' 

— 

W     M 

eS 

:  08 

M      hi                'V 

1          •          ■ 

•          ■ 

1          •          ■ 

»          •          ■ 

1 

1 

>        • 

• 
■        • 

>                ■                •                                              • 

1                •                •                                              • 

t                •                                              ■ 

U 

,    c    h    h.    o    cS    at    cS 

:  ^  * 

M       »4       cS                           »«        b        1-1 

- — 

L — 

-— 

• 

! 

'  • 

."         ■" 

0A       U       ^ 

;  OS 

1 

1 

at 

1 

OS    U     OS 

;  ct 

•  M 

08 

> 

- 

«    ►. 

'    eS 

tf    b.    as 

i 

Q 

M 

S    S 
•s 

a 

c 

C 

1 

« 
§ 

»    GO 

1 

1 

i 

o 

> 

1 

« 

i 

i 

Pi 

« 

< 

a; 

> 

»  u 

'    el 

■1 

aa 

1 

1 

1 

J 
i 

I 

> 
1 

» 

1 

i 

;  ce 
'1 

1 

;  1 

g 

<< 

1 

1 

1 

0 

•E 

» "5 

•— 

•i 

• 

j  s  1 

i 
■     1 

00 

i 

•a 

OQ 

i 

'E 
E 
t 

WXLUAM8  ANDl 
KIMDLB.        J 


MANSFIELD   ORE-BED   SECTION. 


123 


Ki     *  H    :  M 


U      hi 


*^    o 


:    :  3 


•  «* 


K  m  <  <  o  &  2 


124  C0NTBIBUTI0N8   TO   DEVONIAN    PALEONTOLOGY.       [bulu244. 

CANOE  CAMP  SECTION. 

By  E.  M.  Kindle. 

The  section  at  Canoe  Camp  begins  at  the  lower  cascade  in  Canoe 
Camp  Creek,  near  Canoe  Camp,  Tioga  County,  Pa.,  and  runs  up  the 
ravine  and  sidehill  to  the  old  ore  pits  on  south  side  of  Butts  Hill. 

Section  1469  A^  at  Canoe  Camp,  Pa. 

Ft.    In. 
18.  Thin-bedded  sandstone  and  shale,  olive  gray,  with  some  reddish  bands 

near  base 12  0 

17.  Fine-grained  oolitic  iron  ore  (thickness  concealed) 

16.  Concealed 136  0 

15.  Grayshale 0  20 

14.  Ck>ncealed 4  0 

13.  Grayshale 2  0 

12.  Hard  gray  sandstone 0  8 

11.  Ck)ncealed T 2  0 

10.  Gray  soft  shale  with  some  bands  of  hard  sandstone 5  6 

9.  Blue  calcareous  sandstone  full  of  fossils 0  6 

8.  Grayshale 6  0 

7.  Thin-bedded  sandstone  and  shale 6  0 

6.  Thin-bedded  sandstone  and  bluish-gray  shale,  with  corals 10  0 

5.  Bluish-gray  sandstone  full  of  fossils 0<  ^q 

4.  Drab-colored  sandy  shale 17  0 

3.  Concealed  (above  fall  in  creek) 140  0 

2.  Thin-bedded  shaly  drab  sandstone  and  shale 5  0 

1.  Grayish-drab  sandstone  and  shale 11  0 

FAUNULES  OP  THE  CANOE  CAMP  SECTION. 

The  fanules  of  the  Canoe  Camp  section  are  all  Chemung.  They  are 
as  follows: 

Zone  1  of  Canoe  Camp  section  {H69  A). — ^The  lowest  zone  of  the 
section,  which  is  exposed  at  the  cascade  in  Canoe  Camp  Creek,  con- 
tains the  following  faunule: 

Faumde  of  zone  1  of  Canoe  Camp  section  {14S9  A). 
[a,  abundant;  c,  common;  r,  rare.] 


5.  Spirifer  disjunctus  (a). 

6.  Leptodesma  creon. 

7.  Cypricardella  cf.  bellistriata  (r). 


1.  Strophonellacselata  (r). 

2.  Orthothetes  chemungensis  (c). 

3.  Productellalachrymosa  (c). 

4.  Schizophoria  striatula  (c). 

Zone  2  of  Canoe  Camp  section  {14S9  A). — Five  feet  of  shaly  sand- 
stone immediately  following  the  preceding  zone  contains  the  following 
species: 

Faunule  of  zone  2  of  Canoe  Camp  Bection  (1459  A), 
[a,  abundant;  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    mucro- 

nata  (c). 

2.  Strophonella  cselata  (c). 

3.  Orthothetes  chemungensis  (c). 

4.  Productella  cf.  lachrymosa  (r). 


5.  Schizophoria  striatula  (a). 

6.  Atrypa  spinosa  (r). 

7.  Cyrtina  hamiltonensis  (r). 

8.  Spirifer  disjunctus  (a) . 
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The  Sp.  disjunHiis  of  this  and  the  preceding  zone  belongs  to  the 
wide  mucronate  type  of  the  species.  Schizophoria  striatula  and  Stro- 
pheodonta  {Douvilllna)  miwronata  are  each  represented  by  individuals 
which  are  less  than  half  the  normal  size  of  the  species. 

Zone  5  of  Canoe  Camp  section  {14S9  A). — ^The  outcrops  of  this  and 
the  next  zone  are  in  the  mvine  on  the  south  side  of  Butts  Hill.  The 
faunule  comprises  the  following  species: 

FauntAle  of  zone  6  of  Canoe  Camp  section  (1459  A). 
[a,  abundant:  c,  common;  r,  rare.] 


1.  Stropheodonta    (Douvillina)    mncro- 

nata  (c). 

2.  Strophonellacailata  (r). 

3.  Chonetes  sp.  (r). 


4.  Produciella  cf.  lachrymosa  (c). 
6.  Atrypaaspera  (c). 
6.  Spirifer  disjunctus  (a). 


Zon<}  6  of  Canoe  Camp  section  {1459  A). — This  zone  afforded  the 
following  species: 

Fhunule  of  zone  5  of  Canoe  Camp  section  (1469  A), 
[a,  abundant;  c,  common;  r,  rare.] 

1.  Zaphrentis  cf.  simplex  (a).  '  5.  Atrypaspinosa  (c). 

2.  Stropheodonta    (Douvillina)    miicro-  I  6.  Cyrtina  hamiltonenflis  (r). 
nata  (a).  ,  7.  Spirifer  diHJunctus  (a). 


8.  Strophonella  cselata  (c). 

4.  Orthothetes  chemungensis  (a). 


8.  Byssopteria  radiata  (r). 


Zone  18  of  Canoe  Camp  nection  (14S9  A).  —The  highest  zone  of  the 
section,  exposed  just  above  the  old  ore  pit,  furnished  the  following 
species: 

Faunule  of  zone  18  of  Canoe  Camp  section  (1459  A), 

[c,  common;  r,  rare.] 


1.  Prodiictella  lachrymosa  (c) . 

2.  Delthyris  niesicoetalis  (c) . 

3.  AthyriH  angelica  (r). 

Bull.  i244— 05 ^9 


4.  Grammysia  cf.  circularis  (r). 

5.  Leptodesma  sp.  (r). 
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CORBELA.TIOK  OF  THE  TIOGA,  MANSFIKIiD,  CANOE  CAMP, 

AND  ARMENIA  MOUNTAIN  SECTIONS. 

By  E.  M.  Kindle. 

The  Tioga  section  includes  the  lowest  and  the  highest  beds  exposed 
in  the  quadrangle,  so  far  as  known,  extending  from  the  Sharon  con- 
glomerate several  hundred  feet  down  into  the  Chemung.  The  upper 
third  of  the  section  is  barren  of  fossils,  except  for  a  few  fish  teeth  in 
the  arenaceous  limestone  bed  in  the  upper  part  of  the  section 
(1460  A52).  This  bed  is  of  some  importance,  because  its  peculiar  litho- 
logical  features  make  its  recognition  possible  whenever  encountered 
over  a  considerable  area.  The  best  exposures  of  this  bed  and  the 
associated  shales  and  sandstones  occur  near  the  summit  of  Armenia 
Mountain,  2  miles  west  of  Troy,  in  Bradford  County.  The  section, 
from  the  highest  beds  exposed  near  the  summit,  is  as  follows: 

Section  1468  B,  at  Armenia  Mountain. 

Feet. 

31.  Greenish  -gray  coarse  micaceous  thin-bedded  and  cross-bedded  sandstone ...  10 

30.  Concealed 20 

29.  Mottled  light  greenish-gray  arenaceous  limestone,  with  frequent  lumps  of 

shale  and  occasional  fish  remains 5 

28.  Thin-bedded  greenish-gray  sandstone,  showing  false  bedding 20 

27.  Green  sandy  shale 5 

26.  Softredshale 18 

25.  Heavy-bedded  greenish-gray  sandstone,  tending  to  split  easily  and  running 

into  shale  in  a  short  distance 30 

24.  Greenish  shale  and  thin-bedded  sandstone 15 

23.  Greenish  brecciated  shale  bed 1 

22.  Soft  green  shale 9 

21.  Green,  coarse,  heavy-bedded  micaceous  sandstone,  with  some  plant  remains 

and  a  few  shale  bands 35 

20.  Soft  red  clay,  scarcely  showing  stratification 25 

19.  Bright-green  sandstone 1 

18.  Softredshale 5 

17.  Green  and  red  shale  .  13 

16.  Softredshale 10 

15.  Green  heavy-bedded  sandstone 4 

14.  Red  soft  argillaceous  indistinctly  stratified  shale 11 

13.  Green  massive  sandstone 8 

12.  Red  and  green  shale  and  sandstone,  color  varying  rapidly  at  the  same 

horizon 20 

11 .  Red  shale,  green  sandstone,  and  covered 140 

10.  Red  shale,  with  an  occasional  band  of  sandstone,  lower  20  feet  covered 50 

9.  Red  sandstone 5 

8.  Concealed 90 

7.  Cross-bedded  red  sandstone 10 

6.  Concealed 180 

« 

5.  Red  shale  and  sandstone 30 

4.  Red  sandstone,  full  of  worm  (?)  trails 25 

3.  Hard  red  sandstone,  with  numerous  fish  remains 3 

2.  Concealed 10 

1.'  Red  sandstone 6 
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The  limestone  (No.  29  of  the  section)  contains  probably  not  more 
than  25  per  cent  of  lime,  but  since  no  other  bed  in  the  section  above 
the  Chemung  contains  an  appreciable  quantity  of  lime,  it  is  regarded 
as  a  limestone.  It  will  be  designated  the  Armenia  limestone  lentil; 
it  occurs  in  the  upper  part  of  the  Oswayo  formation. 

The  Armenia  Mountain  section  lies  about  14  miles  southeast  of  the 
Tioga  section  and  10  miles  northwest  of  the  South  Moimtain  section. 
The  detailed  Armenia  section  as  given  above  may  be  safely  assumed 
to  represent  closely  the  concealed  upper  part  of  the  Tioga  section. 
The  Armenia  limestone  is  easily  recognizable  in  each  of  the  three  sec- 
tions. The  few  fish  remains  occurring  in  this  bed  are  of  Carbon- 
iferous type.  Below  the  Armenia  limestone  occasional  plant  remains 
are  the  only  fossils  seen  until  beds  containing  Catskill  fishes  are 
reached.  The  beds  in  which  these  fossils  appear  abundantly  lie  in  the 
South  Mountain  section  797  feet  below  the  horizon  of  the  Armenia 
limestone  and  in  the  Armenia  Mountain  section  754  feet  below  the 
same  horizon. 

As  yet  no  invertebrate  paleontological  data  are  available  for  drawing 
any  sharp  line  of  distinction  between  the  Devonian  and  Carboniferous 
sediments.  In  the  absence  of  entirely  adequate  data  for  determining 
this  boundary  it  is  perhaps  most  convenient  and  practicable  to  con- 
sider the  latest  appearance  oi  Catskill  fish  remains  as  marking  the  end 
of  the  Devonian  period.  This  horizon  occurs  in  the  section  near  the 
division  line  between  the  Cattaraugus  and  Oswayo  of  the  Elkland- 
Tioga  folio. 

In  the  few  sections  in  this  region  showing  nearly  continuous  expo- 
sures from  the  Chemung  fauna  to  the  Sharon  conglomerate  there  is 
seen  to  be  very  slight  basis  for  a  division  on  the  basis  of  color,  the 
red  beds  being  nearly  as  common  in  the  upper  as  the  lower  portions. 
It  will  be  noted,  however,  in  examining  average  sections  where  the 
greater  part  is  covered  that  red  beds  appear  to  be  most  abundant  in 
the  lower  third  of  the  section.  This  is  largely  due  to  the  fact  that  the 
lower  beds  are  very  generally  tough  sandstones  which  are  apt  to  out- 
crop prominently,  while  the  upper  red  beds  are  nearly  all  soft  shales 
which  are  likely  to  outcrop  less  conspicuously,  if  at  all.  This  ten- 
dency of  the  upper  red  beds  to  be  soft  shales  and  the  lower  to  be  tough, 
flaggy,  and  often  cross-bedded  sandstones  is  correlated  with  their 
faunal  characteristics — the  upper  red  and  gray  beds  being,  with  the 
exception  of  the  Armenia  limestone,  entirely  barren  of  animal  remains, 
while  the  lower  contain  numerous  fish  remains. 

The  invertebrate  fauna,  from  the  lowest  beds  of  the  section  to  its 
termination  upon  the  appearance  of  sediments  of  Catskill  type,  is  dis- 
tinctly Chemung  in  character. 

Most  of  the  sections  in  the  region  about  Mansfield  are  characterized 
by  one  or  more  beds  of  iron  ore.     There  appear  to  be  three  of  these 
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beds,  but  no  single  section  shows  more  than  two  of  them.  Beds  of 
similar  character,  but  with  a  lower  grade  of  ore,  occur  at  the  same 
horizon  near  Leroy. 

The  limestone  facies  represented  in  most  of  the  sections  of  western 
Bradford  County  below  the  ferruginous  sandstone  and  ore  beds  by 
the  limestone  of  the  Franklindale  beds  has  almost  entirely  disappeared 
in  the  Tioga  sections.  It  appears  to  be  represented,  however,  at  a  few 
localities  by  a  thin  bed  of  limestone  composed  of  shell  fragments.  A 
bed  of  this  character  not  now  exposed,  which  is  said  to  be  5  or  6  feet 
in  thickness,  occurs  in  the  hill  1  mile  north  of  Mansfield.  In  the 
southeast  corner  of  the  county  this  limestone  outcrops  2  or  3  miles 
east  of  Roaring  Branch,  along  the  Lycoming  Creek  wagon  road. 

While  the  Franklindale  beds  have  thinned  almost  to  the  vanishing 
point  west  of  the  Tioga-Bradford  county  line,  the  iron-ore  beds,  which 
at  Leroy  accompany  and  lie  above  the  Franklindale  beds,  have  become 
more  pronounced  and  carry  a  higher  grade  of  ore.  The  peculiarities 
of  the  diflFerent  ore  beds  are  not  sufficiently  marked,  either  paleonto- 
logically  or  lithologically,  to  enable  one  to  correlate  with  confidence 
the  individual  ore  beds  of  the  Mansfield  region  with  those  of  the  Leroy 
region;  but  that  the  Mansfield  ore  beds  and  intervening  strata,  as  a 
whole,  should  be  correlated  with  the  ferruginous  sandstones  and  ore 
beds  at  Leroy  is  indicated  by  the  following  considerations: 

(1)  The  highest  ore  bed  lies  approximately  at  the  same  distance 
oelow  the  upper  limit  of  fossils  at  Leroy  and  Mansfield. 

(2)  The  iron  ores  and  their  associated  strata  represent  the  first 
appearance  of  red  sedimentation  in  both  districts. 

(3)  A  limestone  which  is  apparently  the  equivalent  of  that  at  Leroy 
is  present  at  some  localities  in  the  ore-bed  sections  of  the  Mansfield 
region. 

COMMENTS  ON  THE  FAUNAS  OF  THE  TIOGA,  MANSFIELD, 

AND  CANOE  CAMP  SECTIONS. 

By  H.  S.  Williams. 

There  are  some  interesting  facts  regarding  the  faunas  associated 
with  the  red  beds  and  iron-ore  deposits  in  the  eastern  part  of  the 
Tioga  quadrangle. 

In  each  of  the  three  sections  examined  in  detail  (Mansfield,  Canoe 
Camp,  and  Tioga)  there  are  two  faunas  which  occur  in  succession, 
lapping  a  little,  but  in  the  main  distinct  in  composition.  This  is 
shown  by  the  following  analysis  of  the  faunas: 

The  first  point  noticed  is  that  Straphonelln  cddata  is  conspicuous  in 
the  earlier  zones  of  each  section,  while  Athyris  angelica  is  dominant 
in  the  higher  faunules,  and  these  two  species  do  not  occur  together  in 
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any  of  the  faunules  reported.  Prominent  among  the  asi$ociates  of 
StrophAm4illa  aeJata  are  Sfrffpheodoida  {Doiivilliiia)  mtu^ronata^  and 
in  the  lowest  faunule  of  Tioga  section,  also  Stroph.  {Leptostroplna) 
perplamx  var.  nervosa^  and  Strapheodoixta  {DonvilUna)  in^imtriata^ 
Spirifer  dlMJunctits^  and  Atrypa  spifwsa^  none  of  which  species  are 
associated  with  Athyris  angelica. 

In  the  higher  zone  common  associates  with  Athyris  are  DdthyrM 
mesicoatalU^  and  Camarotixchia  contra^ta^  neither  of  which  is  seen 
associated  with  Strophxmella.  Schizophm^^i  striatnla^  Product^Ua 
lachi^ymosa^  and  Orthothetes  chemun^ensis  are  common  to  both  faunas. 

Athyris  angelica  is  rare  in  the  eastern  extension  of  the  Chemung 
fauna,  but  whether  its  absence  is  associated  with  the  fact  that  the 
higher  Chemung  faunas  are  cut  oflf  in  the  east  by  the  red  beds,  or 
because  of  limited  geographical  range  during  the  same  portion  of 
time,  is  not  evident  from  the  facts  at  hand.  As  was  pointed  out 
in  Bull.  U.  S.  Geol.  Survey  No.  41,  Athyris  angelica  is  a  prevailing 
species  in  the  upper  Chemung  horizons  of  the  Genesee  Valley  sections. 
In  the  survey  of  that  region,  Str(/phondl<i  csdata  was  not  discovered. 
But  it  is  also  to  be  noted  that  Spirifer  disjunctus  is  a  very  common 
species  in  the  typical  Chemung  fauna  of  western  New  York,  and  is 
there  frequently  associated  with  Athyris.  It  is  not  a  very  frequently 
occurring  species  in  the  typical  Chemung  beds  of  the  more  eastern 
sections,  although  it  is  very  abundant  in  some  zones. 

The  faunal  indications  of  these  Tioga  County  sections  therefore 
favor  the  view  that  both  the  Straphanelhi  and  Atliyrin  zones  are  well 
up  in  the  Chemung  formation;  and,  according  to  the  opinion  of  the 
writer,  are  to  be  correlated  stratigraphically  with  beds  occupying  the 
higher  hilltops  of  the  Waverly  quadrangle,  above  the  fossiliferous 
zones  of  the  cliffs  along  Chemung  River  at  Chemung  Narrows  and 
Waverly.  Fuller  collections  of  fossils  from  this  and  neighboring 
regions  will  throw  light  upon  this  problem. 

COMMENTS  ON  THE  CORREIiATION  OP  THE  SECTIONS  OF 
BRADFORD  AND  TIOGA  COUNTIES,  PA. 

By  H.  S.  Williams. 

In  PI.  IV  the  several  sections  of  Bradford  and  Tioga  counties, 
measured  by  E.  M.  Kindle,  the  faunules  of  which  are  discussed  in 
the  previous  pages,  are  arranged  according  to  the  evidence  fur- 
nished by  the  contained  fossils.  Placed  to  the  left  of  them  is  the 
section  (generalized)  of  the  Tioga  folio  «s  prepared  by  M.  L.  Fuller. 
The  sections  are  all  drawn  to  same  scale,  and  the  lower  ones  are  cor- 
related according  to  contained  fossils,  while  those  at  the  top  of  the 
series  are  correlated  by  the  beds  supposed  to  represent  the  Mauch 
Chunk  and  Sharon  formations. 
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The  three  sections  on  the  right  represent  a  single  measured  set  of 
beds  near  one  another.  The  gap  which  is  covered  in  the  valley  of 
Towanda  Creek  is  estimated  from  the  dip  of  the  beds  on  each  side,  so 
that  it  is  believed  the  total  length  of  the  section  is  approximately 
correct.  In  this  section  1,487  feet  are  referred  to  the  Chemung  for- 
mation, the  Chemung  species  prevailing  to  the  top.  The  top  of  the 
Franklindale  calcareous  beds  is  400  feet  down  in  the  Chemung,  and  its 
thickness  is  160  feet  in  the  Gulf  Brook  section  (zones  75  to  58).  From 
the  top  of  the  Chemung  to  an  arbitrary  line  drawn  l)etween  the  Cat- 
taraugus and  Oswayo  (at  1465  C8)  is  653  feet;  this  is  the  estimated 
thickness  of  the  Cattaraugus  for  this  section. 

The  correlation  of  the  Towanda  Narrows  section  (1456  A)  with  the 
Gulf  Brook  (Leroy)  section  (1455  A)  is  made  by  means  of  the  upper 
calcareous  zone  of  the  Franklindale  limestone  beds — 1456  A17  and 
20,  being  correlated  with  1455  A73  and  75.  As  both  of  these  sec- 
tions are  based  on  detailed  measurements  of  the  individual  zones,  this 
places  zone  1456  A40,  which  contains  an  unmistakable  Chemung  fau- 
nule,  a  little  over  1,700  feet  above  zone  1455  A8,  which  also  holds  a  dis- 
tinctly Chemung  faunule,  and  over  250  (top  263)  feet  above  the  arbitrary 
line  drawn  at  top  of  the  Chemung  formation.  This  arbitrary  line  is 
drawn  as  being  approximately  the  place  of  beginning  of  typical  Cats- 
kill  red  sedimentation;  below,  for  several  hundred  feet,  appear  occa- 
sionally dull  reddish  and  purplish  beds,  but  no  considerable  bright  red 
sandstones.  It  is  not  imagined  that  this  upper  zone  of  Chemung 
species,  1456  A40,  is  in  reality  the  highest  place  of  occurrence  of  this 
fauna.  Further  search  will  be  likely  to  show  species  of  this  fauna  as 
long  as  the  marine  conditions  were  persistent  in  the  neighborhood  of 
this  section.  The  stopping  of  the  marine  Chemung  invertebrates  is 
supposed  to  have  been  occasioned  by  a  change  of  local  conditions 
which  was  associated  with  deposition  of  the  red  beds,  and  locally  drove 
out  the  species  from  the  region,  but  did  not  destroy  them.  This  inter- 
pretation seems  best  to  explain  the  irregularity  of  the  line  of  separation 
between  Chemung  and  Cattaraugus. 

The  interval  between  the  top  of  zone  1456  A40  of  the  Towanda  Nar- 
rows section  and  the  observed  base  of  the  South  Mountain  section  on 
the  opposite  side  of  the  Towanda  Creek  Valley  is  estimated  to  be  about 
100  feet.  The  rocks  are  all  covered  and  the  estimate  is  based  on  dip 
and  actual  barometric  determination  of  altitude  of  the  several  outcrops. 
This  estimate  may  be  too  great  or  too  little,  but  the  measiiresments 
of  the  sections  otherwise  are  based  upon  actual  distances  from  zone  to 
zone  as  measured  at  the  outcrops. 

The  red  beds  prevail  in  the  observed  outcrops  from  the  base  of  the 
South  Mountain  section  to  zone  1455  C26,  which  is  correlated  with  the 
Armenia  limestone  lentil  of  the  section  on  Armenia  Mountain  (1458 
B29).     Nevertheless,  as  Kindle  states  on  a  previous  page,  the  red 
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outcrops  are  less  conspicuous  in  the  upper  part  of  the  section  tlian 
l)elow  the  fish  lied  (1456  C-H)  at  the  the  top  of  which  is  abitrariiy  drawn 
the  division  line  between  the  Cattaraugus  and  Oswayo,  thus  giving  to 
the  Cattaraugus  a  thickness  of  053  feet,  as  before  stated. 

The  Armenia  section  (1458)  is  made  up  of  prevailingly  red  beds  up 
to  the  base  of  1458  B21.  This  is  a  green,  coarse,  heavy-bedded  mica- 
ceous sandstone  with  some  plant  remains,  and  divided  by  a  few  shale 
bands  and  is  35  feet  thick.  Above  this  to  the  top  of  the  section  the 
beds  are  green  and  gray,  except  zone  B26,  which  is  a  soft  red  shale  18 
feet  thick,  situated  25  feet  below  the  Armenia  limestone  lentil  (1458 
B29).  This  gives  about  100  feet  of  gray  beds  below  the  Armenia 
limestone  lentil  in  western  Bradford  County.  The  upper  part  of  the 
Tioga  section,  4  miles  east  of  Tioga  (1460  A),  shows  a  coarse  white 
sandstone  with  angular  quartz  pebbles,  of  20  feet  thickness,  at  the  top. 
This  is  called  the  Sharon  conglomerate  member  of  the  Pottsville  con- 
glomerate by  Fuller,  in  the  Elkland-Tioga  folio.  There  seems  no 
reason  to  doubt  the  general  equivalency  of  the  conglomerate  (1455 
C31)  with  this  upper  zone  of  the  Tioga  section  (1460A).  But 
the  correlation  of  the  horizon  of  this  and  the  immediately  under- 
lying beds  is  in  this  paper  made  on  basis  of  determination  and  nomen- 
clature already  published  in  the  Elkland-Tioga  folio,  without  attempt- 
ing to  discuss  the  validity  of  that  determination.  On  similar  ground 
the  uppermost  cross-bedded  sandstone  of  the  Armenia  section  (1458 
B31)  is  called  Sharon  conglomerate  in  this  paper.  The  Armenia  lime- 
stone lentil  of  the  Tioga  section  (1460  A52)  is  a  zone  10  feet  in  thick- 
ness 46  feet  below  the  sandstone  and  contains  fish  teeth  and  lumps  of 
shale.  A  red  shale  zone  10  feet  thick  is  separated  from  the  base  of  the 
latter  by  30  feet  of  gray  beds. 

On  the  basis  of  red  beds  and  fish  remains  the  equivalent  of  the  Cat- 
skill  of  early  literature  might  be  carried  down  at  least  to  the  base  of  the 
Franklindale  limestone  member,  927  feet  above  the  base  of  the  Gulf 
Brook  section;  but  on  the  basis  of  marine  invertebrate  fossils  the 
Chemung  formation  runs  up  to  at  least  zone  1456  A40,  or  to  1,750  feet 
above  that  base,  a  difference  of  823  feet  thickness  of  strata  for  the 
overlapping  of  these  two  conditions. 

This  interval  may  be  called  Chemung,  Cattaraugus,  or  transition 
beds  of  Chemung,  Catskill,  or  Chemung-Catskill,  according  to  the 
prejudice  of  the  authors.  Whatever  name  is  applied  to  the  various 
parts  of  the  section  it  is  clear  to  the  paleontologist  that  as  one  passes 
from  eastern  Pennsylvania  and  New  York  westward  across  the  sec- 
tions, the  place  of  first  appearance  of  the  red  beds  is  at  a  later  stage 
of  evolution  of  the  faunas.  In  any  particular  locality  the  length  of 
the  interval  from  the  first  appearance  of  the  red  beds  to  the  final 
deposition  of  the  marine  Chemung  faunas  was  probably  determined  by 
the  degree  of  persistence  with  which  the  changed  conditions  marked 
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by  the  red  deposits  prevailed  at  that  spot.  The  evidence  at  hand  points 
to  a  greater  persistence  of  the  red  sedimentation  in  the  eastern  than  in 
the  western  sections.  But  onl}^  as  the  time  horizons  are  determined 
by  the  fossils  is  it  possil)le  to  correlate  equivalency  of  horizons  across 
the  regions  which  thus  differ  in  the  character  of  the  sediments  laid 
down.  The  application  of  fprmational  names  therefore  on  the  basis 
of  likeness  in  the  character  of  the  sediments,  which  are  known  to 
geographically  differ,  must  necessarily  be  regarded  as  not  significant 
of  actuallv  svnchronous  time  divisions. 
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section  at,  plate  showing 16 

Louisville,  Ky.,  section  at 18 

section  at,  faunuleof 19 

plate  showing 16 

Lower  Carboniferous.   See  Mlssissippian. 
Lower  Helderberg  formation,  correlation 

of 45 

Mansfield,  Pa.,  sectionnear 118 

section  near,  correlation  of  the  Tioga, 
Canoe    Gamp',  and  Armenia 

Mountain  sections  and 127-129 

faunal  chart  of 122-128 

faunas  of  the  Tioga  and  Canoe 
Camp  sections,  and  comments 

on 129-180 

faunulesof 118-120 

plat«showlng 130 

Mauch  Chunk  formation,  occurrence  of.     106, 

110,190 

Meniscus  limestone,  correlation  of 45 

Mlssissippian  and  Devonian  of  Virginia, 
West  Virginia,  and  Kentucky, 

fossil  faunas  of 9-68 

Monterey  sandstone,  correlation  of 45 

Muldrows  Hill,  Ky .,  section  at 24 

section  at,  plate  showing 16 

New  Albany  (black)  shales,  faunules  of..  19,20 

thickneMof 17,20,49 

unconformity  between  Jeffersonville 
limestone  and,  figures  show- 
ing   20,21 

New  Haven,  Ky .,  faunule  near 23 

sections  at  and  near 23,24 

sections  near,  plate  showing 76 

New  Providence  shale,  faunule  of 21 ,  23 

thickness  of 17 

Niagara  limestone,  correlation  of 45 

faunuleof 17,20,28,23 

occurrence  of 16 

thickness  of 20 

Nunda  fauna,  occurrence  of 71.88 

N  unda  formation,  note  on  name  of 86 

occurrence  of 85,86,91 

Ohio  Falls,  section  near 17 

section  near,  plate  showing *       16 

Ordovioian  limestone,  faunule  of 24, 85 

Oriskany  formation,  correlation  of 45 

faunuleof 88,89,84,43 

See  also  Giles  formation. 

Oswayo  (Pocono)  formation,  occurrence 

of 108,110,128.188 

of    South   Mountain    section,    plate 

showing 96 
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PaKe. 
Parksyille,  Ky.,  section  at,  plate  show- 
ing        16 

section  and  fannnles  at 25 

Pennsylvania,  Devonian  sections  in,  fossil 

fannasof 5»-188 

sections  in,  plate  showing 190 

Pocono  formation.    See  Oswayo  forma- 
tion. 

Portage  group,  note  on  name  of 86 

Powell  River,  East  Fork  of,  fannnle  at. . .       20 

section  and  fannnle  on 28 

Prosser,  C.  S.,  on  f oasilB  of  Tully  horizon .       70 

Rensseteria  beds,  fannnle  of 28,34 

Rensseberia  fauna  of  the  Appalachians, 

tableshowing 46-49 

Riley,  Ky.,  fannnles  at  and  near 24-25 

Riverside  sandstone,  f aunule  of 21 

thickness  of 17 

Rockford  limestone,  absence  of  fossiis 

in : 19 

thickness  of 17 

Rooky  Gap,  Va.,  fossils  found  near 33 

Romney  shale,  fossils  found  in . . .  32, 34, 41, 42, 54 

occurrence  and  thickness  of 31,82 

Round  Mountain,  Va.,  rocks  at 81-Ai 

Balina  limestone,  correlation  of 45 

Sellarsburg  beds,  faunule  of 10,22 

thioknesBof 17 

Shale,  black,  at  Oovington,  Va.,  faunule 

of 53 

at  Hot  Springs,  Ya.,  faunule  of 53 

Shale,  f^una  of 40-60 

See  aJUo  New  Albany  shale. 
Sharon  conglomerate,  occurrence  of  106, 128, 180 

South  Mountain,  Pa.,  section  at 105-106 

sectionat,  faunaof 106 

plateshowing 130 

sone  12  of ,  plate  showing 96 

Stony  Brook  beds,  discussion  of 81 

Stropheodonta  (Douvillina)  mucronata, 

noteon 35 

Tioga,  Pa.,  section  at 110-111 

section  at,  correlation  of  the  Mans- 
field, Canoe  Camp,  and  Arme- 
nia Mountain  sections  and . .  127-129 

faunal  chart  of 116-117 

faunas  of  Mansfield  and  Canoe 
Camp  sections  and,  comments 
on 129-ia) 


Page. 

Tioga,  Pa.,  sectionat,  fannnles  of 112-115 

section  at,  plate  showing 130 

Tioga  and  Elkland  quadrangles,  section 

for,  plate  showing 130 

Tioga  County,  Pa.,  sections  in  Bradford 
County  and,  correlation  of, 

comments  on 130-138 

Towanda  Narrows,  Pa.,  section  at 106-107 

section  at,  fauna  of 107-106 

plateshowing 130 

Tully  limestone,  faunule  of 70 

Unconformity    between    JeffersonviUe 
limestone  and  New  Albany 

shale,  figures  showing 20,21 

Virginia,  Buchiola  specioea  fauna  in,  dis- 
cussion of  and  table  showing .  51-62 
Chemung  species  in  West  Virginia 

and,  list  and  discussion  of 57-58 

Devonian  and  Mississippian  of  Ken- 
tucky, West  Virginia,  and,  fos- 
sil faunasof 9-58 

fannnles  of  sections  in  West  Virginia 
and,  rangfe  and  environment 

of 62-M 

sections  in  West  Virginia  and 27-44 

comments  on 44-46 

plateshowing 28 

Waverly  fauna,  occurrence  of 30-81 

Waverly  group,  fossil  sponges  in 29 

West  Virginia,  Chemung  species  in  Vir- 
ginia and,  list  and  discussion 

of 57-68 

Devonian  and  Mississippian  of  Ken- 
tucky,   Virginia,    and,  fossil 

faunasof 9-68 

fannnles  of  sections  in  Virginia  and, 

range  and  environment  of 52-54 

sections  in  Virginia  and 27-44 

commentson 44-45 

plateshowing 28 

White,  I.  C,  on  Catawissa  section 78 

White  Sulphur  Springs,  W.  Va.,  fannnles 

found  at  and  near 34-38 

sections  at  and  near 34,37 

sectionHat,  plateshowing 28 

Williams,   H.  S.,  on  Camarotcschla  cf. 

eximia 101 

on  southern  Devonian  formations 15 

Wolf  Creek,  Va.,  rocks  exposed  on 31 
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Actlnopteria   boydi 10,  35,  55 

decussata 69,78 

epsllon    42,52,53.55,80,91 

cf.  eta 36,55 

perBtrialls-  36,  55,  72.  73,  74,  75,  78,  84 

cf.  perstrialis 72 

8p 21, 

31,  36,  40,  42,  71,  76,  78,  114, 117 

Agonlatltes  Tanuxeml 40,  50,  52,  53,  .55 

Ambocoelia   gregaria 35, 

36.  38,  55.  74,  77,  78,  96,  97,  98, 
99, 104.   114,  117,  119, 120, 122 

nmbonata 22 

33,  39,  42,  51,  53,  54,  55,  70.  78 

sp    32,48 

Amphlgenia  cf.  elongata 32,47 

Amplexns  sp 21 

Anastrophia  Internascens 22 

Anoplla    50 

nucleata     32.47 

sp    41,55 

Anoplotheca    50 

acutlpUcata 40,51,53,55 

cf.  acutipUcata 41,53 

cf.    dlchotoma 32,48 

cf.  flabelUtes 43 

sp    42 

Aspldocrinus   49 

scutelllformis    .33,47 

Athyrls 130 

angelica 114, 

117,  119,  120.  122,  125,  126,  129.  130 

cf.  angelica ^  114,117 

lamellosa   23,26,30 

splrlferoldes    22.50 

Atrypa   aspera  __  18,70,75,77,78,104,125 

hystrlx 36,55,57 

reticularis    17.  18.  19.  21,  22,  26, 

29,  36,  37,  48.  55,  73,  74,  75,  78, 
89.  90,  91,  104,  107.  112,  114.  116 

reticularis  var.  nlagarensls 17,22 

cf.   reticularis 90 

splnosa    .36,37, 

39,  ,54,  55,  98.  103,  104,  112,  113. 
116,  118,    122,    124,    125,    126 

Aulopora    sp 28,  46,  71,  78,  88,  104 

Aylcula   communis 28 

cf.   communis 40.48 

sp    .39 

Aviculopecten  cf.  cancellatus 114,  117 

dupllcatus    114, 117 

prlnceps   17 

rugAstrlatus    123 

strlatus    114,117 

sp    33,35,36,38,55,69,78,128 

Bull.  244:— 05 10 
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B. 

Page. 

Beachla  cf.  suessana 34,48 

Bellerophon 86 

leda     41,55,78 

leda   var 78 

miera    76,77,78 

(Ptomatls?)    rudls 104 

sp 30,31,39,73,77,78,113,117 

Blothrophyllum    decorticatum 18 

sp    19 

Bothriolepls    leldyl 106 

minor   102,104 

Buchlola 56 

sp    35. 

37.  38,  40,  41,  42,  51,  53,  54, 

55.  56,  71,  78,  84.  88,  91,  92 

Byssopterla  radlata 118, 123, 125, 126 

C. 

Calceola    cf.    plicata 29,46 

Callonema  .bellatulum 19 

cf.   Imitator 19 

Cftlymene    nlagarensls 22.23 

Camarotcechla  contractu 31, 

32,  33.  37,  55,  119, 122,  130 

cf.  contracta 26,33,38 

dupllcata   33,55 

eximla    73,78 

cf.  eximla-—  96,  100, 101, 102,  103, 104 

sappho    21,  25,  .32,  .35,  55, 120.  122 

stephanl 96, 100 

104,  107,  113,  114,  116,  120,  122 

tethys    22 

ventrlcosa    28,29,47 

sp    21,25,30,31,35,99,104,114 

Chffitetes  sp : 39,47 

Chonetes 84 

coronatus    69,78,84,88,91 

cf.  coronatus 41,53,55 

llllnolsensls    21,23,25,26 

lepldus    71.78,96,104 

mucronatus   17, 19 

scltulus    20 

32,  37,  38,  49,  50.  52,  .')5.  73, 
75,  76.  78,  89,  91,  104,   116 

setlgerus 33, 

42,  53.  55,  75,  78,  96,  07,  98, 
99.   104,   113.   116,   119,   122 

cf.    setlgerus 42,51 

cf.   Tlclnus 112,   116 

yandellanus    19 

sp.    nov .32,    47 

sp 18,  30,  98,  104,  125,  126 

Cladochonus     02 

sp 88,  89,  91 

Cladopora  sp 17,  22,   29 
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ClinopiBtha    antiqiia 53 

cf.   antiqua 40,  51,  55 

rocTosteus  macromiiB 102.   104 

Coleolus  acicula 42, 

52.  53.  55,  73,  78,  88,  89,  01 

tennlcinctus 40,  42,  52,  53,  55 

sp 37,  40,  41,  42,  53 

Conchldlum    cf.    littonl 22 

nyslus 17 

cf.   nysiuB   22 

sp    -        --      -  22 

Conocardliim   cuneus ..         10 

pulcbellum     26 

trigonale    17,    18 

sp     --      _-  22 

Conularla  coDgregata 90.   104 

newberryl    31 

sp 30.   39.  55.  97,   104 

Cornulltes  proprius .__    ._         17 

Crania  leoni  73 

sp   75 

Craniella    bainiltoniiB 55 

cf.  hamlltonlsB 35.  76,  77,  78 

Crenlpecten  cf.  ainphiH 119,123 

sp 31.    37,    55 

Crinold    fragments 47 

Crinold    joints ._    ._       100 

Crinold    plate 34 

Crinold  stems 17,  21. 

30,  31.  39.  41,  55,  71,  72, 
78.    89.    90,    91,    96,    104 

Cryptonella 85,   103,  109 

eudora 73,  74,  78, 

85.  89,  91.  102.  103.  104.  107 

cf.  eudora 89,  102,  103,  104 

sp 104,   119,   122 

Cyathophyllum    rugosum    19 

sp 22.    29,   46 

Cyclonema  hamlltonlfp __  69,  78,  84 

multlllra    72,78 

sp 73.    74,    78 

Cyprlcardella  belUstrlata 69,  78,  84 

cf.  belllstrlata 98.  104,  124,  126 

gregaria 73.  78,  96,  100,  104 

cf.    gregaria    77 

tenuis   98,   104 

sp     36,55 

Cypricardlnia  sp 21,   25,  26 

Cyrtlna  dalmanl    28,48 

cf.  dalmanl 28 

bamlltonensls 18,    19,    35, 

55,  71,  72,  73,  74,  75,  76,  77, 

78,89,90,91,    113,    116.    118, 

121,      122,      124,      125,      126 

rostrata 40,   43,   48 

Crytolltes  sp 29 

(?)     expansns 48 

Cystlphyllum    sp 29,46 

Cystodlctya     90 

cf.    bifurcata 70,78 

meekl    72 

74,  75,  76,  78,  84,  89,  90,  91 

Dalmanella    carlnata 98,104,109 

elegantula    17 

planlconveza 39,47 


I*agc. 

Dalmanella  cf.  planlconvexa 28,34 

tenuillneata 33,  36,  37.  55.  70,  78 

tloga—  35,  36,  37.  55,  57,  104,  113,  116 
I>almanlte8  anchlops  var.  sobrinus  19 

cf.  ancblops 20,  48.  70.  78 

bootbl     70.78 

plenroptyx 29,48 

cf.  pleuroptyx 29 

selenurus   19 

verrucosus 23 

vigllans    17 

sp    78 

Delthyrls 86 

meslcostalls    35,37,38. 

55,  57,  58,  75.  97,  98,  99,  100. 
104,  107,  108,  109,  113.  114, 
117,    119,    120.    122,    125.    120 

Derbya  keoknk 21 

Dlaphorostoma  ventricosum 40 

Dielasma  cf.  bovidens 23 

cf.   formosa 25 

sp.  nov 30 

Dignomla   alveata 98,104 

Dlnichthys  tuf)erculatus 104 

cf.  tuberculatus 98 

Dlphyphyllum   sp 18 

Dlpterus    (Ctenodus)    cf.    llabelllfor- 

mls 103.  104 

sp 101,  104 

Dlsclna    sp 18,21 

DouvUllna  Interstrialis 35 

E. 

Katonla   pecullaris 34,39,43,47 

pumlla   34,47 

Ecblnocarls 55 

Ectenodesma  blrostratura 77.78,86 

cf.    birostratum 77 

Ectenodlctya    Inflexa 29 

Edmondla 57 

pblllpl 36,  104,  120,  123 

cf.  phlllpi 33.55,104 

cf.    rhombofdon 35.55 

subovata 37.  55.  96, 104 

cf.  subovata 1(K),  104 

transversa  _. 37,55 

sp.   nov 26 

sp   30,31 

Elymella     fabialls __  71.78 

sp --   97,104 

Eumetrla  marcyl 25 

Eunella  llnckl»ni 17,  19 

Euomphalus  sp 32,55,119,123 

F. 

Favosltes  cf.  Cladopora  sp 46 

hemlspherlcus   18,  19 

nlagarensls    20 

sp    28,29,46 

Fenestella   sp 21,30,47,70,78 

Fish    bones 117 

Flsb    remains 112 

Flstullpora   sp 102, 104 
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(ilosHitPS   cf.   depressiw 119,  lli3 

llnsrualis     .   113.117 

proceniH     114,117 

HP    .'»>  I 

Glyptodesma    erectiim 75,  78.  Sli 

cf.    ercctum ._      _  __         77 

occldentale    10  ; 

Gonlatites    53.91! 

8p 32,  35,  37,  40,  41.  42.  SS 

Goniophora    chemungensis 32, 

55.  9r».  97,  104 

cf.    chemungensis 98 

ff.    tniQcata 77.  7.h 

Grammysia  cf.  bisulcata 33.55 

cf.    circularls 125.120 

subarcuata     32.  .33,  55,  89.  91 

8p__    37.  73.  76,  78,  85».  91,  104.  119.  122 

Gypldula  pseudojfaleata    28,29.39,47 

romingerl  var.  lodianexisis 18 

11. 

I 
I 

Halysltes  catenulatus .   .   17,20,22  ' 

llel>ertella  cf.  occldentallB 25 

Ileliolites    sp .  -    .         17 

Hfpparlonyx    proxlmuH  .. . 34.  47 

Holonema  rugosa 102.104 

Holopea    antlqua   _  __  28,  48 

sp    --    19 

Holoptychliis 78.  79.  82.  83,  84 

niosus     102.104 

IIomalonotUH    sp .  . 28.48 

Hyollthes    aclls 40.  52,  53.  55 

sp 40 

Uypothy ris  cuboldes 70 


L. 


Leda    diversa 37,  55,  71,  72.  78,  88.  91 

cf.     ol)Scura 89.91 

sp    71,78 

Lelopterla   cf.    bigsbyi 72.  75,  7S 

cf.    sayl 104 

sp    25.96,104 

Iif^lorhynchus  globuliforme 71 

laura     35,36,37,51.55 

cf.    laura. __    -_.    .    _.  42.53 

llmltarp    40.  42.  50.  51,  53.  .'»5 

mesicostnlo     37, 

38.55.09,   71,  72.   73.  70.   77. 
78.  81.  84.  85.  89.  91.  114.  116 

quadrlcostatum       19.  49,  .50 

cf.    quadrlcostatum —         20 

slnuatum      _   ^. 104 

Ix>pt»na   rhomboidallH-   28.29.32.39.42.47 

Leptocoella  sp 34 

Leptodesma   complanatum 36.55 

creon    -._   124.126 

extenuutum    38.55 

cf.    Juvens .   __         55 

Ilchas 36, 

55.  57.  104.  112,  113.  117.  119.  122 
matherl    32,55 


Page. 

Leptodesma  navlforme 38.55 

potens 32,33,55,104 

cf.  potens -         33 

potens  var.  juvene 32,33,38 

protextum    36.55 

rogersl    38,55 

sociale   40,  52,  53.  55 

splnlgerum     90.97,99,104 

cf.    splnlgerum 99.104 

sp    30, 

,33,  37,  40.  73,  77.  78, 
96,  98,  KM),  101,  104,  107, 
113,  117,  119,  123,  125,  126 

Leptostrophia  interstrialls 35 

»SVc     Stropheodonta    ( Leptoatro- 
phia). 

Lichenulla  cf.  torta 40,47 

sp    39 

Ltngula    84 

gannensis 30 

llgea    29,49.50,52,55 

cf.    llgea 36 

spatulata    19,  20.  49,  .50 

sp 71,78.97,104 

Lingulodisrina    newlierrj'l .^1 

r.oxonema     53 

cf.   Ifftvlusculum 78 

sp.     nov 26 

sp     .    28.30,38. 

48.  55.  74,  76,  77.  78,  119,  123 

Lunullcardium    curtum 71,78,84 

L>enia    pnplllatn 17 

Lyrlopecten     trlcostatus 36 

cf. .  trlcostatus 35,  55 


M. 


MacrochiUna   cf.    hnmlltonlfle 71,78 

MncrcKion    chemungonsis 55,  57,  119,  123 

cf .   chomungensls. 36,  112,  117 

hamlltonlff>    91 

cf.    hamlltonlff 88 

cf.     newarkensis 25 

sp.     nov 90,91 

sp    31.37,73,78 

Mantlcoceras    complanatura 89 

jf.  complanatura 91.112,117 

patersonl    104 

sp    89 

Morlstella    cf.    bella 28,48 

la»vls     28,48 

lata     34,39,48 

cf.    nasuta 69,78 

sulKiuadrata -  28.29,39,48 

sp 28,33,48 

Merlstlna   marla 22 

Michellnia    cyllndrlca 18 

Modlella   pygm»a 100,104 

Modlomorpha    affinls 19 

concentrica    84 

cf.    concentrica 69,78 

mytlloldes    19 

cf.  neglecta 89,91 
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Modiomorpba  quadrula 38,55 

cf.    quadrula 112.117 

subaiata   55,89,100,104 

subalata  var.  chemunffensls 32, 

33,55,73,78,80,91 

Bp    31,33,102,104 

Murchlsonia    ap 24,89,91 

Mytilarca  carlnata 89 

chemungeDBiB    32, 

33,35,37,55,57,114,117 

regularis    33.55 

sp    77,78 


N. 


Nucleosplra    conclnna 63,55 

cf.  conclnna 40,51 

sp    28.32 

Nucula  belllstrlata 71.78,104 

cf.  belllstrlata 96 

corbuUformis   40,41.52, 

53,  55,  76.  78,  89,  91,  96,  104 

cf.   corbullformls 89 

dlffldens    77,78 

llrata    42 

cf.  llrata 40.  62,  53,  55 

cf.  yarlcosa 100, 104 

sp   30,  42.  71,  72,  73,  78,  89,  01.  100, 104 

Nuculana  spatulata 30 

Nuculltes   nyssa 78 

trlqueter    40,52.53,55 

cf.  trlqueter 71 

BP    71,78 

Nyassa  cf.  arguta 32,  33,  55 


O. 


Onychodus  sp 98, 104 

Orblculoldea  dorla 41,  53,  55 

lodlenslB  var.   media 100, 104, 107 

cf.  lodlensis  var.  media 40,  53,  55 

neglecta     35,  55 

sp    30,32,  .33,36,  119, 122 

OrthlB    86 

carlnata    36 

Interlineata    36 

cf.   llTla 18 

tloga    36 

sp     22,32,34,39,47 

Orthoceras  bebryx  var.  cayuga 35, 

52,  53,  55,  88,  91 

cf.    fulgldum 72,73,78 

sp   __   30,33,42,73,76,78.98,104,117 

Orthonata    parrula 100, 104 

Ortbothetes  cbemungensls 19,  35.  37,  38, 

55,  98,  99,  100,  103,  104,  107, 
112,  113,  114,  116,  118,  119, 
120,   122,   124,   125,   126,   130 

cf.    chemungenslB 36,98 

cbemungensls     var.     arctostrla- 

tUB._  17,  38,  39,  42,  51,  53,  55 

crenlstrla    21,25 

wool wor tbanus    28,  40,  47 

OstracodB    .. ^ . 41,  55 


P. 

Page. 

Paljeanatlna  cf.   typa 98, 104 

PaloMsnello  bedfordensls 25,  31 

bisulcata    36,55,96,98,104 

cf.   bisulcata 96 

brevls     32,  35, 37,  52,  53,  65 

cf.  brevls 77,  78 

constrlcta    37, 

42,  52,  53,  65,  73,  78,  96,  104 

contracta    100, 104 

cf.   elongata 104 

emarglnata 69.  71,  72,  78,  84,  104 

cf.   emarglnata 98 

flllosa    36, 

37,  55,  76,  78,  88,  91  113,  117 

cf.   fllosa 72 

perplana    30,  96, 104 

plana 36,  65,  69,  72, 

73,  76.  77,  78,  89,  90,  91,  96 

sulcatlna    30 

tenulstriata 104 

cf.  tenulstriata 96 

sp 30,  35,  37,  41,  71. 

77,   78,   90,   91,   99,   100,   104 

Palescbara    sp 74,78 

Panenka  sp 38,  42,  52.  55 

Paracardlum  dorls.  35,40,41,42.51,53,56 

Pararca  transversa 42,  62,  65 

Parodlceras  dlscoldeum 35. 

40,  42,  51.  52,  53,  55 

Pentamerella  arata 17,19 

sp    22 

Pentamerus  oblongus 22 

Phacops  cristata 29 

cf,  cristata 28,48 

cristata  var.  plpa 17 

loganl 28,48 

rana 21,  38,  39,  54.  65,  70,  78,  84 

Pbaetbonides  sp 26,30 

Pholadella  radlata 96.  97,  109 

PhoUdops  cf .  arenarla 32.  47 

sp    41,55 

Pbolidostropbla  lowensls 69,78 

Pbtbonla  sp 36,55 

Pinna  sp 31 

Plant  remains 71 

Platyceras   carlnatum 17 

cf.  conlcum 89,91 

dnmoBum  17, 18 

echlnatum   17 

cf.  gebbardl 29,34,48 

benerl   -. 26 

pyramldatum    28.48 

robustum   39,48 

ventrlcosum    34 

sp 21,  22,  26,  28, 

30,  48,  70,  73,  78,  113,  117 

Platyostoma  llneatum 18 

ventrlcosum    32,  39 

Platystrophla  bodensls 25 

crassa    24 

latlcosta    25 

lynx   24,25 

Plethosplra  soclalia 38,  52,  (^3,  56 
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Pleurodlctyum  problematicum 17,  69,  78 

Pleurotomarla 40 

caplUarla 89,91 

(Clathrospfra?)    caplllaria 104 

Btulta 30 

8p.     DOT 71,  78 

sp 19,  20,  30,  37 

39,  40,  60,  55,  73,  75,  76,  78 

Polypora  sp 17,  28,  47 

Productella    57,86 

arctlrostrata 98.  104, 119, 122 

boydl     119,122 

hallana 85,  86,  89,  91,  92 

hirsuta 33,  36,  37,  55,  57,  81 

lachrymosa 37,  38,  55,  57,  107, 

113,  114,  116,  119,  120, 
122,  124,  125,  126,  130 

cf.    lachrymosa 113, 

116,    124,    125,    126 

lachrymosa  var.  stigmata 33 

shumardana 25 

cf.  shumardana 25 

speclosa 57, 

73,  75,  76,  77,  84,  86,  89, 
90,   91,    98,    99,    100,    104 

cf.  speciosa 73,  90 

spinulicosta 18 

cf.  spinulicosta 37,  55 

stigmata    55,57 

cf.    subulata 35,  55 

sp 32,  35,  96,  113 

Productiis    alternatus 25 

burlingtonensis 21,  25 

cora    31 

cora    yar 30 

punctatus    25 

semireticulatus 23,25 

cf.    semireticulatus 30 

cf.    worthenl 30 

sp 26,  30,  31 

Proetus  aurlculatus 26 

canallcnlatus    18 

crassimarginatus 17,  19,  21 

cf.    crassimarginatus 19 

protuberans 48 

sp 19,  28,  48 

Prolecanltes  green! 30 

Psllopliyton  sp 78,  98,  104 

Pterinea   chemungensis 77,78 

reproba?    91 

cf.    reproba 90 

(vertumnla)    reversa 36,57 

sp 118,    123 

Pterinopecten   vertumnus 104 

sp 36,   37,  55.  89,  91 

Pterocbenla   fragile 41, 

42,  51.  52,  53,  55,  71,  78,  84 

cf.  fragile  (large  var.) 42 

Ptychodesma  sp.  nov 19 

Ptychospira  cf.  sexplicata 26 

Pugnax    86 

pugnus   ___  76,  77,  78,  85,  89,  90,  91,  92 
cf.  pugnus 75 


R. 

Page. 

Rensselaerla    lequiradiata 39,40,47 

cuDiberlandiflB    43.47 

cf .    marylandlca 34,  47 

mutabllis   28,48 

ovoides 34,43,48 

sp    28,48 

Retlcularla    fimbriata 22,48.50 

cf.   fimbriata 29 

IjBvls    72, 

73,  76,  78,  84,  85,  88,  91,  92 
pseudolineata 25,   26,   30 

Rhipldomella  cf.  cumberlandl» 43,  47 

llvia   21 

musculosa 34,  39,  43,  47 

oblata 28.  29,  39,  47 

cf.    oblata 39 

owenl   21,23 

ranuxeml 69,78,84 

sp   28 

Rbynchonella    acutlpllcatn 28,29,47 

contracta   101 

contracta  var.  saxatilis 101 

exlmia    101 

oblata 34,47 

strlcklandl 22 

sulclpllcata    39 

sp    32,47 

Rbynchotrema    formosum 28,47 

Roemerella    grandls ^ 47 

cf.    grandls 28 

8: 

Sangulnolltes    sp 72,76,78 

8cb!zobolus   concentricus 19, 

29,  49,  50,  52,  55 

truncatus 32,34,49,52,55 

8chiEodus    chemungensis 112,  117 

chemungensis    var.    quadrangu- 

larls    89,91 

oblatus 112,117 

sp    30,31,96,104 

8c'hizophorla  striatula—  17, 18,  36.  37,  38, 
55,  71,  74,  75,  76,  77,  78,  85, 
89,  90,  91,  99,  100,  103,  104, 
107,  113,  114.  116,  118,  119, 
120,   122,   124,   125,   126,   130 

Cf.    striatula 19,  39 

tloga  57 

sp    25.36.54 

Spathella    typlcn— _  89,  90,  91,  98,  100, 104 

sp    30,  30,  55,  100,  104 

HphenotUB  cf.  archaeformls 112 

contractus    32, 

55,57,114,119,120,  122 

flavius    31 

cf.    rlgldus 119,122 

solenoldes    97,  104 

undatus    37,55 

sp    _.  26.  33,  38,  100,  103,  104,  107,  114 

Spirlfer    86 

acuminatus   17, 19 

arctlsegmentus    18 
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Paso. 
Splrlfer  ai-enosus H4,  48 

ff.  arenosus _      ..    ._  .1!),  4H 

byrnesi   .   _  ,   17,  IS 

conclnnua :«>,  40.  48 

cumberliindlac     20,32,48 

cycloptoniH     28.29.33.48 

v.f.    cyclopterus    —  40 

of.   davlsl 22 

(lisjnnctiis    32, 

34.  3Ci,  37,  38.  5r>,  TiO,  57,  70, 
81,  82,  83.  86,  01,  04,  101,  102. 
10.3,  104,  107,  1(»8,  100,  111, 
112,  113,  114,  110.  118.  110, 
120.    122.    124.    12r,.    120,    130 

ourutelnes    18 

Rranulosns -__  «0,  70,  78,  84 

jrrp^arlus    .      _        _    .        —   17,  18,  10 

keokuk    __    _.        25,31 

Iffivls     .  —    _.-      -      --.  85 

lateralis    _____.-      ..      25 

marlonenslH 23,  25,  30 

medians    78,84 

mediallR  (S.  aiidacuhiai 60 

mcsicoRtalls   81 

mesIstrlallR     - 73,74.78, 

70.  84,  85,  01,  08.  00,  100.  104 

of.    meBlstrialis 00 

mortonaniis   23.26 

murchUoni     34.30.43,48 

owenl    10 

|M?nnatua    60,70.78,84,88,01 

pennatuH  var.  posterns 57. 

58,  68,  71,  72,  73,  74,  75,  76. 
77,    78,    84,    85,    80.    00,    01 

perlamelloHus    var .-         20 

(Delthyria)   of.  perlamellosiis  —  48 

radlatus  22 

fite^mentUA .        —    —    _   10,  22 

subattenuatus    .  .  10 

sulwrblcularls         .        ..    _-_   21,23.26 

varloosuB    1        _    17.10,21,22 

whltneyl     __  _        56 

sp     23.  25,  28,  30,  32.  34,48 

Splriferina  cf.  solldlrostrls _         30 

siibelliptica    25,26 

Stlctopora    --    -      -  -      -         87 

sp    _      _    _.  _   28,47 

8treblopterla    sp. —   __ 25 

Stromatopora   sp_-----  -  17 

StroralxKles  strlatim        ._  --    —  17 

Strophalosia  tninoata    -    .        —  40,51.55 

Stropheodonta  biM-klL_      _  28.47 

cf.    ]»ecktl --  -  40 

oavumljona     -_         2h 

demlssa--   17.  18.  10.  21,  36.  37,  5.5.  85 

cf.  demlssa 77,78 

heralspherica    ._   17,18 

(Douvllliiia)   lna><jiilstrl:it;» 60, 

78.  112.  130 

(Leptostrophia)    interstrialia__  35.57, 

74.  75,  78,  84,  88.  80.  00.  01 

llncklron!    28.47 


Pag?. 

Stropheodonhi  ma^niflca 28,47 

(Douvllllna)    mncronata 35 

j  36,    37,    38,    55,    57.    07.    '.m. 

I  100,    103.    104,    100,    112,   113 

'  116.      124.      125,      126,      130 

I  (I-.eptostrophia)  perplana 17 

I  18, 10.  21 

I  (I^eptostrophfa)     perplana    var. 

nervosa 55,  74,  75.  78. 

100,    103.    104.    112,    110.    130 

I  cf.    planulata 1 28.47 

sp     32,30. 

I  43,  47,  70,  78,   113.   114,   116 

I  Strophodonta  cayuta,  n.  » 35 

mucronata     .         35 

'  Strophomena  Interstrlalis 35 

'  mucronata    35 

Strophonella    86,130 

cirlata 30.  55.  57,  112,  113.  116 

I  118,    122,    124,    125,    126,    120 

I  caviimtxina     47 

I  Styllola    flsBiirella .38.40. 

I  41,  42,  51,  52,  53,  55.  70.  78 

Syrlngopora  sp 10 

'  Syrlngothyrls    carterl _-.  21,30 

I  texta 25,26 

I  sp    --    - 30 


I 


T. 


Tentaciilltes  liellnlus 06,104 

cf.    iMJllulns ..____    .1(»0,  104 

elonwatus     ' 28,  ,32,  48 

Kraclilstrlatus      10.  42,  50,  51.  52.  5,3,  55 

splcnhis    70.74.75.78,80,91 

sp 20,  4H 

Thecia   minor 18 

Trematopora    sp_ 07.104 

Treniatospira    nuiltistriata 30,  4 S 

Trochonema    rectllatera IS 

Tropldoleptns    44.50.50 

carlnatns     22.42,50. 

55.  <J0.  73.  78.  84,  85.  88.  91 
TurlK>   shumardl 10 


U. 


rnolnuhis   campl)ellanus 28,47 

mutabllls     30,40,47 

nobllis     .  .      .        30,47 

cf.  Strickland!     --    17 


Z. 


r»:i 

__        i'.-^ 

18.  10 

70.  78.  125,  12«S 


Zaphrentis     

dalel     _    _    _    - 
iflfrantea 

cf.    simplex 

cf.    stokesi - 

ungula IS 

sp 17,  21.  26.  28.  20.  .30,  36.  »f». 

42,   46,    55,    74,    78,    113,    IIT. 


«>o 


\ 


SiMilord  UnivmAy  UbrariM 

iwiiiiiiiiHi 

3  bios  022  52*1  371 


/ 


/ 


/ 


/ 


't 
II 
ii 
11 
'I 

M 

M 

•  f 
M 
l| 
l| 

w 

11 

I 

''I 


u 
\\ 
't« 
'( 

il 

II 
It 


II 


